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PREFACE 

When  the  preparation  of  this  volume  was  first  undertaken 
some  years  ago,  there  was  not  in  the  English  language  a  sys- 
tematic treatise  on  the  subject  o£  microscopic  petrography  which 
was  adapted  to  the  needs  of  students.  It  seemed  a  little  singular 
and  most  unfortunate  that  the  language,  in  which  at  the  hands 
of  Sorby  modern  petrography  had  its  birth,  should  not  possess  a 
clear  and  concise  presentation  of  its  principles,  methods,  and  data. 
The  best  treatise  then  available  was  a  translation  of  a  German 
text,  which  suffered  from  the  defects  inherent  in  translations, 
and  from  the  cumbrous  and  highly  involved  grammatical  con- 
stnictions  of  the  German  original,  too  frequently  retained  in  the 
translation.  The  work  of  the  French  petrographers,  now  for 
several  years  in  the  front  rank,  was  then,  and  still  remains,  avail- 
able only  in  French.  Furthermore,  there  is  not  extant  in  that 
language  an  elementary  treatise  on  microscopic  petrc^raphy.  The 
accurate  and  remarkably  useful  methods  which  were  devised  by 
Fouque  and  Michel  Levy  are  to  be  found  only  where  the  savant 
would  search  for  them,  and  when  so  found  they  are  likely  to  he 
buried  so  deeply  in  mathematical  demonstrations  that  they  can- 
not easily  be  apprehended. 

More  recently  several  admirable  English  treatises  on  micro- 
.  scopic  petrographic  methods  have  appeared  in  America,  namely 
those  of  Luquer,  Iddings,  and  Johannsen.  Without  disparage- 
ment to  these  it  is  still  true  that  the  principles,  methods,  and  data 
of  optical  mineralogy  have  not  yet  been  presented  concisely  and 
dearly  in  any  single  publication.  It  has  been  the  aim  of  the 
authors  to  supply  that  deficiency,  and  to  supply  it  in  that  form 
which  would  be  most  useful  to  the  student. 

This  work  had  its  inception  under  the  impulse  of  a  convic- 
tion that  English  students  and  independent  workers  in  petrog- 
raphy needed  a  clear  and  systematic  description  of  the  appara- 
tus to  be  used  and  the  methods  to  be  employed.  The  aim  has 
not  been  to  write  a  treatise  on  optics,  nor  upon  crystallography, 
but  the  elements  of  these  subjects  have  been  presented  only  so 
far,  and  as  briefly,  as  is  consistent  with  a  comprehension  of  the 
main  theme,  which  is  the  microscopic  study  of  minerals  and  rocks. 

More  recently  the  original  manuscript  has  been  revised  after 
being  put  to  the  test  of  use,  and  some  improvements  and  en- 
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largements  have  been  added,  the  chief  of  which  is  the  alphabeti- 
cally arranged  descriptions  of  all  minerals  that  are  identifiable 
with  the  microscope.  The  work  claims  but  little  that  is  original, 
beyond  the  manner  of  condensation  and  presentation.  Being 
practical  teachers,  the  authors  know  the  difficulties  of  both  teach- 
er and  student,  and  have  had  both  in  mind  in  its  preparation. 
The  advanced  student  will  note,  however,  new  illustrations  of  the 
effect  o£  crystals  upon  light,  new  drawings  and  results  in  the 
di^ussion  of  the  feldspar  group,  and  new  tables  for  the  deter- 
mination of  minerals  microscopically.  It  has  been  the  aim  to 
bring  the  tables  and  descriptions  of  minerals  up-to-date,  and  to 
include  in  them  all  minerals  whose  optic  characters  are  suffi- 
ciently well-known  to  permit  their  determination  microscopically. 
This  is  a  feature  that  should  be  of  special  value  to  those  engaged 
in  studying  ores,  veins,  or  any  deposits  containing  not  merely 
the  Ordinary  rock  forming  minerals.  It  is  believed  that  with 
this  work  at  hand  the  independent  worker,  even  in  advanced  re- 
search, will  have  directions  for  practically  all  microscopic  tests, 
and  all  necessary  data  concerning  any  minerals  he  may  encounter. 

The  authors  have  made  free  use  of  the  published  works  of 
Michel  Levy,  Fouque,  and  Lacroix.  To  the  last  named  they  are 
both  under  special  obligations.  They  have  also  constantly  con- 
sulted the  works  of  J.  D.  and  E.  S.  Dana,  of  Hintze,  Rosenbusch, 
and  the  other  well-known  authors  on  mineralogy.  They  have 
adopted  from  Iddings  the  use  of  the  letters  X,  Y,  Z,  to  represent 
the  axes  of  ether  vibration  in  biaxial  crystals. 

Probably  no  words  are  needed  to  justify  the  exclusive  use 
of  the  Miller  symbols  in  referring  to  crystal  faces  and  forms. 
.  Special  thanks  are  due  to  Professor  U.  S,  Grant,  of  North- 
western University,  for  critical  suggestions,  and  for  the  labora- 
tory illustrations  of  Part  I,  which  in  the  main  are  adopted  from 
his  manuscript  notes. 

Professor  C.  E.  Mendenhall,  of  the  University  of  Wisconsin, 
kindly  revised  the  chapter  devoted  to  the  phenomena  of  light, 
and  to  him  the  authors  are  indebted  for  some  exact  definitions 
of  the  movements  of  light. 

N,  H.  WiNCHELL, 

Alexander  N.  Winchell. 
December  i,  ido8. 
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ELEMENTS  OF 

OPTICAL  MINERALOGY 

PART  L 
PRINCIPLES  AND  METHODS. 

The  use  of  the  petragraphica!  micrp&cope  involves  a  knowledge 
of  two  subjects,  and  hence  an  introduction  to  microscopic  petrog- 
raphy may  be  divided  into  two  chapters : 

1.  Certain  phenomena  of  light. 

2.  Elements  of  mineralogy. 

The  refinement  of  microscopic  manipulation  in  modern  petrog- 
raphy consists  almost  solely  in  making  accurate  application  of 
the  phenomena  of  light  to  the  varying  structures  of  the  six 
cry  stall  ographic  systems  of  mineralogy.  Hence  a  third  chapter 
would   consist  of: 

3-  Application  of  polarised  light  to  crystalline  substances. 

CHAPTER  I. 

CERTAIN  PHENOMENA  OF  LIGHT. 

The  phenomena  of  ligiit,  which  are  of  special  importance  to  the 
student  of  petrography,  are : 

Reflection. 

Refraction. 

Polarisation.  '■ 

Absorption. 
LiGMT  is  a  form  of  energy,  and  may  be  produced  by  trans- 
forming other  forms  of  energy  into  extremely  rapid  vibration  of 
a  medium  called  the  ether,  which  is  assumed  to  pervade  all  space, 
existing  in  all  parts  of  all  fluid  and  even  all  solid  bodies.  There 
must   be  some  medium  for  the  transmission  of  energy  through 
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3  OPTICAL  MINERALOGY. 

intetplanetary  spaces,  and  it  has  been  found  that  this  energy  is 
carried  in  the  same  way,  and  therefore  doubtless  by  the  same 
medium,  through  the  atmosphere  and  through  liffuid  -and  solid 
bodies.  But  the  phenomena  of  transmission  are  modified  by  the 
molecular  structures  of  solid  bodies,  and  especially  by  that  of 
crystalline  bodies. 

Propagation  of  Light:  The  transmission  of  light  is  accom- 
plished by  means  of  motion  of  the  ether,  and  this  motion  in  its 
simplest  type  is  .a  vibration  back  and  forth  in  planes  at  right 
angles  to  the  direction  of  transmission  of  the  light.  This  may 
be  more  readily  understood  by  considering  the  motion  of  any 
particle  of  water  when  a  wave-motion  is  produced  on  a  quiet  sur- 
face by  dropping  a  stone  into  it.  Any  particle  of  the  water 
moves  straight  up  and  down,  but  the  impulse  or  wave-motion 
moves  outward  horizontally  in  all  directions  from  the  center  of 
disturbance.  So  in  the  case  of  light  the  wave-motioq  moves  in 
straight  lines  in  all  directions  from  the  source  of  light,  but 
■  this  is  accomplished  by  means  of  vibrations  of  the  ether  in 
directions  perpendicular  to  the  direction  of  propagation.  This 
may  be  graphically  illustrated,  as  in  figure  i.     Here  A  B  repre- 


Fls.  1.    Propw^tian  at  Lishl. 

sents  the  direction  of  propagation  of  the  light  and  C  p  F  m  D 
represents  one  complete  wave.  The  distance  C  D  is  therefore 
the  wave-length,  which  may  be  described  as  the  distance  from 
one  particle. to  the  next  in  the  same  phase,  i.  e.  in  the  same  rela- 
tive position  and  moving  in  the  same  direction.  The  motion  of 
each  particle  is  only  in  one  straight  line  perpendicular  to  the 
direction  of  propagation.  Thus  the  particle  at  p  will  move  down- 
ward to  p'  as  the  wave  advances.  These  two  points  are  equi- 
distant from  the  point  of  rest  for  this  particle,  which  is  on  the 
line  A  B.  The  amplitude  of  vibration  is  the  distance  from  the 
point  of  rest  to  the  point  where  the  particle  reverses  its  direction 
of  motion;  that  is,  it  is  one-half  the  distance  pp'.  The  intensity 
of  the  light  varies  with  the  square  of  the  amplitude,  but  the  color 
of  the  light  depends  upon  the  wave-length.  Thus  ordinary  white 
light  consists  of  waves  of  all  wave-lengths  from  that  of  violet  to 
that  of  red. 
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REFLECTION  AND  REFRACTION.  3 

Wave-front.  If  a  light  disturbance  starts  from  any  source, 
it  spreads  out  in  the  form  of  a  wave.  A  locus  of  points  in  which 
the  disturbance  is  in  the  same  phase  is  a  wave-front. 

Light  Ray.  A  light  ray  is  a  succession  of  points  forming  a 
line  in  the  path  of  a  light  wave  such  that  the  disturbance  at  any 
one  point  is  predominantly  due  to  the  disturbance  at  the  preced- 
it^  points.  If  the  disturbance  at  any  point,  say  B,  is  due  to  the 
disturbance  at  A,  then  A  and  B  are  on  the  same  light  ray.  Also, 
the  light  ray  from  A  to  B  is  found  to  be  the  path  of  shortest 
time  of  passage  from  A  to  B. 

If  a  light  disturbance  spreads  out  from  a  single  point  source 
through  a  homogeneous  isotropic  medium  a  wave  front  will  be 
a  spherical  surface  increasing  in  radius  as  it  passes  away  from 
the  source.  When  the  radius  has  become  great  enough  (in 
ordinary  cases  some  hundreds  of  feet — in  more  precise  cases 
some  miles)  a  portion  of  the  spherical  wave  can  be  treated  as 
a  plane  wave.  When  a  wave  front  passes  through  a  boundary 
surface  from  one  isotropic  *  medium  to  another,  the  form  of  the 
wave  front  is  changed,  so  that  in  general  a  spherical  wave  is  no 
longer  spherical.  H  the  original  disturbance  had  spread  into  an 
anisotropic  medium,  the  form  of  the  wave  front  would  depend 
upon  the  special  nature  of  the  medium. 

Reflection:  When  light  reaches  the  boundary  between 
media  of  different  density  it  is  usually  in  part  turned  back  or 
reflected.  This  reflection  does  not  cause  the  light  to  return  along 
its  original  path,  except  in  the  case  of  light  striking  a  reflecting 
surface  perpendiailarly.  But  it  is  true  at  all  times  that  the 
angle  of  reflection  is  equal  to  the  angle  of  incidence,  (fig,  2.) 
Furthermore,  the  incident  and  reflected  light-rays  both  lie  in  the 
same  plane  with  the  normal  to  the  reflecting  surface  at  the  point 
of  incidence. 

Refraction:  For  a  general  figure  to  illustrate  single  refrac- 
tion, draw  a  circle  about  the  point  A,  at  which  a  ray  of  light 
traversing  the  common  air,  encounters  a  horizontal  surface  D  C 
of  another  isotropic  medium  (water)  of  greater  density  than 
air.  Let  G  H  he  r  perpendicular  diameter  of  the  same  circle. 
The  ray  B  A  will  be  divided  at  A  into  two  parts :  one  part  A  F. 
will  be  reflected,  as  already  explained,  at  an  angle  (r)  equal  to 
the  angle  (1)  at  which  the  ray  falls  on  the  surface  of  the  denser 

•  For  a  deflnllion  of  the  terms  laotroplc  and  anlaolroplc.  aee  p.  12. 
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4  OPTICAL  MINERALOGY. 

medium.  The  other  part,  A  E  will  pass  into  the  other  medium, 
but  suffers  a  deflection  from  its  course,  dependent  upon  its  direc- 
tion and  the  difference  of  density  of  the  two  mediums,  being  bent 
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ReflectioD  and  Single  Refraction 


toward  the  vertical  G  H.  The  angle  E  A  H  is  called  rho  (p),  or 
The  Angle  of  Refraction  :  It  is  obvious  that  this  angle 
is  in  the  same  plane  as  the  angles  of  incidence  and  reflec- 
tion, which  may  be  distinguished  by  letters  i  and  r  respectively. 
If,  in  such  conditions,  a  ray  pass  from  a  denser  to  a  lighter 
medium  the  refraction  of  that  part  which  enters  the  lighter 
medium  would  be  away  from  the  perpendicular  G  H.  There  is 
in  genera!  no  refraction  if  the  ray  is  perpendicular  to  the  surface 
at  A. 

The  angles  of  incidence  and  of  refraction,  for  the  same  sub- 
stances, have  an  important  and  constant  relation  to  each  other, 
whatever  may  be  the  direction  of  the  incident  ray. 

Index  of  Refraction:  Thus,  the  sine  of  t  (KB)  divided 
by  the  sine  of  p,  (EL)  constitutes  the  index  of  refraction,  which 
is  a  property  often  of  use  in  determining  mineral  species.  Ordi- 
narily the  index  of  refraction,  of  a  given  medium,  is  computed 
when  the  incident  ray  passes  from  atmospheric  air  into  that 
medium,  the  variations  of  temperature  and  barometric  pressure 
being  unimportant.  The  index  of  refraction  is  conventionally 
represented  by  «. 
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INDICES  OF  REFRACTION.  5 

If  some  other  medium  be  empic^'ed  than  air,  the  index  of  re- 
fiaction  of  the  substance  in  air  will  be  the  product  of  its  index  in 
the  medium  by  the  index  of  that  medium  in  air. 

INDICES  OF  REFRACTION  OF  VARIOUS  SUBSTANCES. 

For  ice  »  =  1.310 

For  water  n  =  i  J36 

For  alcohol  n  =  i.yS 

For  common  glass  «=  1-435 

For  olive  oil  n  =  14? 

For  Canada  balsam  «=  1.536  — 1.549 

For  rock  salt  n  =  1.544 

For  quartz  n  ^  1-S47 

For  methylene  iodide  b=  1.75    or  1.74092  at  16*  C, 

For  diamond  «  =  2.270 

For  sphalerite  or  zinc  blende  n  =  2.369 

For  rutile  ti  ^  2.712 

For  air  at  the  temperature  of  freezing  and  with  a  barometric 
pressure  of  760  mm.,  compared  with  a  vacuum,  n  =■  1.000294. 

Liffht  of  different  colors  has  different  indices  of  refraction, 
owing  to  the  varying  length  of  the  Hght-wave.  The  index  of 
refraction  for  the  colors  near  the  violet  side  of  the  solar  spectrum 
is  greater  than  for  those  near  the  red  side.  In  practice,  however, 
where  the  different  colors  of  the  spectrum  are  shown,  comparison 
is  made  usually  of  the  violet  (f)  with  the  red  (p).  The  inter- 
mediate colors  are  seldom  mentioned. 

Total  Reflection  :  The  phenomenon  of  relief  as  observed 
under  the  microscope,  is  due  to  high  refraction,  as  when  a 
ray  of  light  passes  from  a  section,  say  of  olivine,  into  t!ie  air. 
In  this  case  the  ray  is  refracted  away  from  the  perpendicular. 
Let  the  ray  j4  0  (fig.  3)  strike  the  upper  surface  L  M  oi  the 
divine  section  at  the  point  0.  Then  it  will  be  refracted  along 
the  line  O  D.  If  the  direction  of 
the  incident  ray  coming  from  the 
condensing  lens  be,  instead,,  repre- 
sented by  A'  0,  on  reaching  L  M 
_^  the  refraction  might  be  along  the 
line  O  L.  But  if  the  direction  of 
incidence  of  the  ray  be  such  as  to 
make  any  angle  less  than,  say  A'  O 
M,  as  A"  O  M,  then  the  ray  will  be 
totally  reflected  at  O,  in  the  direc- 
Fk.3.  ToWRrfi««o-,  tion  Q  c  ^nj  ,o5t  t^  the  observer. 
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It  is  obvious  that  this  total  Mflection  increases  with  the  re- 
fractive index  and  for  rutile  would  be  greater  than  for  olivine. 
It  is  most  observable  about  the  edges  of  any  mineral  section. 
Laboratory  lUtutration:  Small  frsgments  of  minerals  having  diSerect 
refractive  indices  should  be  viewed,  immersed  in  balsam  on  a  slide,  and 
notice  taken  of  the  difference  of  relief.  Quartz  and  oliKoclase  have 
practica,lly  the  same  refractive  index  as'the  balsam,  bitt  topnz,  faomblende, 
olivine,  augite,  epidote,  lircon  and  rutile  fonn  an  ascending  scale  with 
increasing  relief,  often  showing  a  marked  shagreen. 

DEreaMiNATiON  OF  THE  Index  OF  REFRACTION.  There  are 
several  methods  of  determining  the  index  of  refraction,  but  for 
the  petrc^a[rfier  the  following  described  two  methods  are  prob- 
ably the  most  useful.  That  of  due  de  Chaulnes  has  been  im- 
proved by  Sorby,*  and  is  very  commonly  referred  to. 

Suppose  an  object  (O)  to  be  in  the  focus  of  the  objective  of 
the  microscope,  the  rays  from  which  enter  the  objective  without 


t- 

Obj*cf  <v«      L«».| 

— -1 

^.\  / 

'^  Hly 

M 

Fis.  3b.    Chuilna  Method. 

passing  through  any  other  medium  than  common  air.  If  then  a 
transparent  thin  section  of  glass  (M)  be  interposed  between  the 
object  (O)  and  the  lens  of  the  microscope,  it  will  appear  that 
the  tube  of  the  microscope  must  be  raised  a  short  distance  in 
order  to  bring  the  object  again  into  focus,  which  may  be  at  p. 
This  is  due  to  the  fact  that  all  rays  from  0  are  refracted  away 
from  the  normal  (o  b)  on  emerging  from  the  thin  section,  as 
illustrated  by  the  figure  for  the  rays  o  c  and  o  k. 

In  the  adjoining  figure  let  d  c  be  perpendicular  to  c  &  and  par- 
allel to  a  0.  Then  the  ray  c  o  will  have  i  for  its  angle  of  incidence 
at  c,  and  e  o,  or  its  equivalent  c  b  for  its  sine  and  c  e,  or  its 
equivalent  b  o,  or  its  cosine.  As  the  tangent  is  the  equivalent  of 
the  quotient  of  the  sine  divided  by  the  cosine,  then 

tin.  Mag.  II.  1.  IDS.  1ST8. 
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The  same  ray  will  have  p  for  its  angle  of  refraction.  Its  sine 
15  g  p,  or  its  equivalent  c  b.  Its  cosine  is  f  g^  or  its  equivalent 
b  p.    Then 


Dividing, 

tan  )' dp 

tan  p  ~  io 
As  the  tangents  have  the  same  ratio  as  the  sines, 
sin  t  _bp_ 
sin  p       bo 
Therefore  the  index  of  refraction  for  a  ray  emerging  into  air 
at  c  is  the  ratio  of  the  thickness  of  the  plate  {bo)  divided  into 
the  thickness  of  the  plate  as  reduced  for  the  new  focal  point 
(it  f  ).   For  a  ray  passing  from  air  into  the  plate  t  and  p  obviously 
are  interchanged,  and 

bo 

The  distances  h  o  and  b  p  can  be  measured  by  the  micrometer 
screw. 

In  the  place  of  glass  any  transparent  mineral  section  could 
be  substituted  with  practically  the  same  results,  but  in  the  case 
of  a  doubly  refracting  mineral  the  rays  E  and  0  would  have  to 
be  investigated  separately. 

Other  methods  of  determining  the  index  of  refraction  are  more 
exact  They  are  based  on  the  angle  of  total  reflection  for  the 
substance,  and  on  the  Becke  method  of  observation  described 
below. 

Fragments  of  transparent  crystals  are  immersed  in  a  heavier 
liquid  whose  index  of  refraction  can  be  raised  or  lowered  by  the 
addition  of  another  liquid.  In  that  way  the  Becke  line,  between 
the  liquid  and  the  fragments,  can  be  caused  to  disappear,  which 
indicates  that  the  liquid  and  the  fragments  have  the  same  refrac- 
tive power.  The  index  of  refraction  of  the  liquid  is  then  to  be 
determined.  When  the  orientation  of  any  observed  fragment  can 
be  noted,  as  the  direction  of  X  or  Z.  the  refractive  index  »p  or  «, 
may  be  determined.  Otherwise  this  observation  determines  only 
some  index  between  the  limits  n,  and  Hp. 

The  angle  of  total  reflection  has  been  employed  in  different 
devices  for  determining  the  index  of  refraction.  The  refractom- 
tters  of  Bertrand  and  of  Smith   are   specially  adapted  to  the 
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examination  of  fragments  upon  which  a  plane  surface  exists  or 
can  be  cut,  and  hence  arc  adapted  to  the  examination  of  gems. 

Smith's  refractometer  is  illustrated  by  the  adjoining  figure.* 
The  specimen  to  be  examined  is  applied,  by  its  smooth  surface,  to 
the  flat  surface  of  a  hemisphere  of  dense  glass  having  a  refrac- 
tive index  of  r.7902,  and  so  inclined  to  the  axis  of  the  instrument 


Pic.  3b.    Smith'i  RefnctoaetetCictiial  hk.) 

that  the  center  of  the  field  corresponds  to  a  refractive  index  of 
1.61.  At  the  eyepiece  of  the  instrument  a  scale  is  seen  within, 
across  which  falls  the  line  separating  darkness  from  light,  i.  e, 
the  line  limiting  total  reflection  for  the  substance  under  examina- 
tion. From  the  scale  the  index  is  read  directly  to  the  second  place 
of  decimals,  and  the  intervals  are  such  that  the  tenths  of  each  can 
be  estimated. 

The  most  exact  method  of  applying  total  reflection  to  the  de- 
termination of  the  index  of  refraction  requires  a  liquid  of  higher 
index  than  the  mineral  in  question.  In  this  the  mineral  is  sus- 
pended, or  fixed  on  a  suitable  holder,  its  reflecting  surface  ver-  ■ 
tical.  It  is  rotated  about  a  vertical  line  situated  in  the  reflecting 
surface,  and  its  position  of  total  reflection  of  a  beam  of  light  that 
strikes  the  reflecting  surface  normal  to  the  vertical  line  in  the 
reflecting  surface,  is  read  through  a  special  telescope  whose  axis 
is  also  perpendicular  to  the  lire  about  which  the  crystal  rotates. 
The  angle  of  rotation  from  total  reflection  in  one  position  to  total 
reflection  in  another,  the  two  being  in  adjacent  quadrants,  is 
read  on  a  horizontal  graduated  circle.  These  points  are  obviously 
on  opposite  sides  of  the  axis  of  the  observing  telescope.  The 
total  rotation  is  double  the  angle  wanted. 

•  MineraloglcBl    Maevzln^.    vol.    xlv,    p.   355.    1907. 
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Figure  3  c  illustrates  the  use  of  this  apparatus.  It  represents 
a  horizontal  section  passing  through  the  vessel  containing  the 
heavier  liquid,  coinciding  with  the  axis  of  the  observing  tele- 


FiK.  3c.    KDh1tau*cfa'(  Appuatn*. 

s«)pe.  The  plates  c  and  d  represent  two  positions  of  the  reflect- 
ing surface  at  the  instants  of  total  reflection,  N'  is  the  normal  of 
the  surface  d  and  A"  is  the  normal  to  the  surface  c  at  the  corfes- 
ponding  moments  of  time.  It  is  plain  that,  since  total  reflection 
occurs  when  the  angle  of  refraction,  NOD  or  N'O  C,  is  90°, 
tfie  axis  of  the  observing  telescope  0  T  is  the  line  of  the  incident 
ray  for  both  observations  and  that  the  total  angle  of  rotation, 
.V  0  .\"^  is  double  the  angle  of  incidence. 
Since 

SJn  '  .         o     .  sin  «" 

"  "^  sSTp  "f  P  '^  90     then  *i  =  -p  =  sin  i"  for  air. 

Allowing  X  to  represent  the  refractive  index  of  the  liquid 
(P-  SO'  the  value  of  m  for  the  mineral  is  expressed  by  the  for- 
mula 

n=:  X  sin  i 
The  examination  should  be  made  in  monochromatic  light,  yel- 
low (sodium)   being  preferable  and  usually  most  readily  avail- 
aWe.    For  a  table  of  the  refractive  indices  of  various  liquids  and 
Solids  see  p.  5. 

\i  the  reflecting  surface  is  parallel  to  the  optic  axis  of  a  uni- 
axial mineral  both  its  indices  may  be  determined  frotn  the  two 
angles  of  total  reflection  that  will  be  observed ;  if  it  be  normal  to 
a  bisectrix  of  a  biaxial  mineral  similarly  it  permits  the  determina- 
tion of  two  of  the  indices  of  the  mineral. 
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Determination  of  relative  values  of  indices.  The  "Becke  method." 
It  sometimes  happens  that  two  adjacent  mineral  grains  in  a 
thin  section  cannot  be  distinguished  from  each  other  by  any  ob- 
vious characters,  though  belonging  to  different  species.  They 
can  be  distinguished  by  what  is  known  as  the  "Becke  method," 
by  a  comparison  of  their  refractive  indices.  This  very  delicate 
and  reUable  test  is  at  the  same  time  quite  simple.  It  involves  the 
use  of  total  reflection  in  connection  with  refraction. 

In  convergent  light,  with  a  high  power  objective  {Nachet  No. 
7)  bring  the  focus  directly  upon  the  line  of  separation  of  the 
two  mineral  grains*  On  lowering  the  condenser  and  removing 
the  analyzing  nicol  the  field  is  a  little  darkened,  but  a  very  fine 
line  of  white  light,  clearer  and  brighter  than  the  grain  on  either 
side,  accompanies  sharply  the  line  marking  the  contact  of  the 
two  grains.  When  the  objective  is  focused  so  that  the  line  is 
bright,  if  the  objective  be  raised  very  gently,  and  the  least  amount 
possible,  this  bright  line  moves  a  little  toward  the  more  refrac- 
tive mineral.  If  the  objective  be  lowered  in  the  same  way  the 
white  border  shifts  a  little  toward  the  less  refractive  mineral. 
This  method  is  most  useful  for  distinguishing  between  orthoclase 
and  quartz,  and  especially  between  acid  and  basic  plagioclases 
as  cwnpared  with  quartz.  It  is  to  be  employed  with  one 
caution,  viz.:  when  two  adjacent  minerals  of  nearly  the  same  re- 
fractive index  happen  to  be  cut,  one  perpendicular  to  X  and  the 
other  to  Z,  the  movement  of  the  bright  line  might  be  governed 
by  the  difference  between  ttg  and  »„  rather  than  by  the  difference 
of  their  mean  refractive  indices. 

The  phenomena  of  this  method  have  been  explained  by  W.  O, 
Hotchkiss,**  and  from  his  explanation  the  following  is  con- 
densed, 

^  S  is  "a  vertical  section  through  a  thin  rock-section,  showing 
two  minerals  whose  plane  of  contact  is  represented  by  the  line 
Y  Z,  B  having  the  greater  index  of  refraction.  Four  rays  of  hght, 
ascending  from  the  convergent  lens,  are  represented  by  i,  2,  3,  4 
at  incident  angles  on  X  K  of  45°  and  20°.  Without  refraction 
they  would  meet  at  0.  If  the  refractive  indices  of  A  and  B  are 
1.50  and  1.70  respectively,  since  the  sine  of  the  angle  of  incidence 
at  total  reflection  is  the  reciprocal  of  the  refractive  index,  the 
angle  of  total  reflection  for  B  is  62°  lo'.     Therefore  the  rays  3 

•  For  a  description  of  the  mlcroacope  and  Ita  p&rta  Bee  p.  il  and  figure  54. 
GMIOKlst.   vol.  ixivl,   p.   30S,   Nov.  1905. 
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and  4  will  be  totally  reflected  on  striking  the  separating  plane 
Y  Z,  at  m'  and  »',  their  angles  of  incidence  being  greater  than 
62°  10'.  The  rays  i  and  2  passing  through  A  are  not  totally 
reflected  on  reaching  Y  Z,  since  B  ts  denser  than  A,  but  they  are 
partially  reflected  at  m  and  n,  and  partially  refracted  into  ^.as 
shown,  the  amount  reflected  depending  on,  whether  the  plane  of 
contact  between  A  and  B  is  polished  or  rough,  on  the  size  of  the 
angle  of  incidence  and  on  the  difference  between  the  indices  of 
A  and  B.  The  result  is  that  in  all  cases  there  is  a  preponderance 
of  light  on  the  side  of  that  mineral  having  the  higher  index  of 
refraction  when  the  objective  is  focused  on  the  surface  of  the 


Pis.Jd.    The  Becke  method.    Hotehkim. 

section  or  on  any  point  within  the  section  from  the  surface  to 
m'.  It  is  obvious,  from  the  direction  of  the  refracted  and  reflected 
rays,  that  on  raising  the  focal  point  witfiin  this  inte"?!*]  the  bright 
line  broadens  and  moves  toward  B,  but  on  lowering  it  the  line 
is  moved  toward  Y  Z  and  brightened ;  if  the  focus  be  lowered  to 
a  point,  which  may  be  represented  by  m,  the  brightest  light  ap- 
pears on  the  side  of  the  mineral  of  the  lower  index.     This  is 
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explained  by  the  fact  that  the  light  in  A  (rays  i  and  2)  is  con- 
centrated within  the  space  mr,  but  the  light  in  B  (rays  3  and  4) 
is  extended  over  a  broader  interval,  ms. 

Inclined  illumination.  When  the  mirror  is  shifted  out  of  the 
axis  of  the  microscope  or  one  side  of  the  beam  of  light  from  the 
mirror  is  shaded  by  any  means,  the  light  and  shade  on  the  two 
sides  of  two  substances  of  different  refringence  are  even  more 
pronoimced  than  in  the  method  described  above,  as  Becke  him- 
self has  stated.  The  cause  of  the  phenomenon  is  easily  under- 
stood by  a  study  of  figure  3e,  in  which  the  mineral  A  is  sur- 
rounded by  a  mineral  B  of  higher  index  of  refraction.  Now  an 
inclined  beam  of  light  passing  from  B'  into  A  is  made  n 


Fis.  3e.    loclioHl  lllumiiution. 

or  condensed,  by  refraction  away  from  the  perpendicular,  while 
a  similar  and  parallel  beam  of  light  passing  from  A  into  B  is 
refracted  toward  the  perpendicular  and  therefore  dispersed.  Con- 
sequently, when  the  edge  appears  bright  {as  in  passing  from  B' 
to  A)  the  mineral  of  higher  index  is  on  the  side  whence  the  light 
comes,  and  when  the  edge  appears  dark  (as  in  passing  from  A 
to  B)  the  mineral  of  lower  index  is  on  theside  whence  the  light 


In  using  this  method  it  may  be  noted  that,  though  the  direction 
of  inclination  of  the  beam  of  light  is  reversed  by  the  substage 
lenses,  it  is  counteracted  by  the  reversal  of  the  image  in  the  mi- 
croscope. Hence  the  phenomena  may  be  read  as  though  no 
change  of  inclination  took  place. 

LsoTRonc  AND  .ANISOTROPIC  SuBSTANCES.  All  substauces 
capable  of  transmitting  light  are  divided  into  two  classes;  viz. 
isotropic  and  anisotropic. 

In  isotropic  bodies  light  passes  with  equal  velocity  in  all  di- 
rections. Such  are  gaseous,  fluid,  and  amorphous  bodies,  as  air, 
water,  glass ;  also  those  which  crystallize  in  the  isometric  system. 
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In  anisotropic  bodies  light  passes  with  greater  velocity  in 
certain  directions  than  in  others.  Such  bodies  crystatHze  in  any 
one  of  the  five  other  systems  of  minerals. 

Single  refraction  takes  place  in  isotropic  bodies  and  double 
refraction  in  anisotropic. 

Refraction  in  Anisotropic  Media. 

Owing  to  the  greater  number  of  rock-forming  minerals  belong- 
ing to  the  crystalline  systems  here  included,  and  especially  to  the 
triclinic  and  monociinic  systems,  the  processes  and  principles  of 
double  refraction,  and  the  polarization  which  results  from  it, 
possess  the  highest  importance  and  utility  in  microscopic  petrog- 
raphy. 

Nature  of  Double  Refraction  :  When  a  ray  of  light 
from  an  isotropic  medium  enters  an  anisotropic  medium, 
at  whatever  angle,  its  vibrations  are  made  to  conform  to  the 
molecular  structure  of  the  latter,  and  it  advances  in  accordance 
with  the  ease  of  the  light  movement  possessed  by  the  latter.  It 
is  at  once  divided-  into  two  rays  polarized  at  right  angles  to  each 
other,  and  travelling  in  different  directions;  one  is  the  ordinary 
ray  (O),  so-called  because  it  follows  the  laws  of  single  refraction, 
and  the  other  the  extraordinary  ray  (E),  which  does  not  follow 
the  laws  of  single  refraction ;  when  the  original  ray  enters  the 
anisotropic  medium  perpendicular  to  its  surface  the  ordinary 
ray  passes  directly  through  without  refraction,  if  the  surface  of 
exit  is  parallel  to  the  surface  of  entrance,  but  the  extraordinary 
ray  is  diverted.*  On  leaving  the  substance,  however,  the  two 
parts  resume  parallelism,  but  with  the  waves  of  one  slightly  in  ad- 
vance of  the  other.  If  these  rays  are  then  brought  into  parallel 
vibration,  as  by  passing  through  the  analyzer,  the  two  sets  of 
waves  interfere,  producing  light  of  different  colors.  This  is  the 
ciraimstance  on  which  rests  most  of  the  work  done  in  examining 
minerals  in  thin  section  in  parallel  polarized  light. 

If  on  emerging  from  such  anisotropic  body,  the  plane  surface 
separating  the  media  at  the  point  of  exit  be  oblique  to  the  direc- 
tion of  the  oppositely  polarized  rays,  or  to  the  direction  of  either  of 
the  refracted  and  polarized  portions,  such  plane  acts  as  a  refract- 


*  It  the  Incident  ray  is  perpendicular  to  the  surface  and  parallel  with  an 
optic  BilB,  there  to  no  refraction  nor  polarization;  and  If  perpendicular  to 
the  mwiaeo  and  to  aji  optic  axis,  there  la  no  refntctlon.  but  there  Is  a 
dlvUlon  Into  two  rays  tpajveillng  at  different  rate*  and  poiaxliod  at  right 
angles  to  each  other. 
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ing  agent  in  accordanix  witlt  the  comparative  density  of  the  twc 
media,  in  the  same  manner  as  in  single  refraction. 

The  index  of  refraction  of  the  ordinary  ray  is  expressed  by  the 
Greek  letter  omega  («>),  and  that  of  the  extraordinary  ray  by 
epsilon  (c). 

Polarization.  With  an  ordinary  beam  of  waves  of  light,  the 
character  of  the  disturbance  produced  by  the  waves  as  they  pass 
any  point  is  such  that  during  the 
shortest  time  which  we  can  use 
in  experimenting  the  disturb- 
ance has  no  fixed  direction  or 
character.  That  is  to  say,  dur- 
ing this  time  the  ether  is  subject 
to  the  same  average  displace- 
ne.i.  Poiuintian br teflcctjon.  fftetit  in  all  directions.     With  a 

polarised  beam  of  waves  the  disturbance  at  a  point  is  fixed  in 
character, — i.  e.,  is  permanently  linear  in  a  definite  direction,  or 
elliptical  or  circular,  as  the  case  may  be. 

In  the  first  case  it  is  referred  to  as  a  plane  polarised  wave. 
Light  may  be  thus  polarized  by  reflection,  or  by  refraction,  or, 
in  some  cases,  by  transmission  without  refraction. 

Bv  Reflection.  An  ordinary  beam  of  light  waves,  incident 
(not  normally)  on  a  non-metallic  reflecting  surface  may  be  con- 
sidered as  resolved  into  two,  one  vibrating  perpendicular  and  one 
parallel  to  the  plane  of  incidence.  These  two  component  beams 
will  (with  ordinary  light)  be  of  equal  intensity  before  incidence, 
but  will  be  reflected  in  different  proportions,  so  that  in  the  re- 
flected beam  vibrations  normal  to  the  plane  of  incidence  will 
predominate.  Thus,  fig.  4,  a  beam,  o  b,  reflected  from  a  polished 
plate  glass  at  b,  has  a  part  of  its  vibrations  brought  into  a  single 
direction,  as  indicated  by  the  arrow  points,  and  this  direction  is 
perpendicular  to  the  plane  of  incidence  and  reflection. 

By   Single  Refraction  :   Most  of  the   processes  of  micro- 
scopic petrography  involve  light  polarized  by  refraction.* 
Light  may  be  singly  or  doubly  refracted. 
In  the  case  of  single  refraction,  the  light  of  the  refracted  ray 
is  partially  polarized  in  a  plane  at  right  angles  to  the  plane  of 
polarization   of  the  reflected   ray.     The   maximum  polarization 


■  ThiB  la  the  cuBlomary  Btatement.  but  it  should  b«  ramembered, 
itated  under  refraction  thet  polarization  may  take  plac«  In  a  tranamttt 
ray  without  r 
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in  both  refracted  and  reflected  rays  occurs  when  these  are  at 
rij^t  angles  to  each  other. 

By  Double  Refraction  :  The  two  rays  are  completely  polar- 
ized in  all  cases  of  double  refraction,  in  planes  at  right  angles 
to  each  other. 

The  eye  cannot  distinguish  polarized  light  from  ordinary  light. 
Indeed  most  of  the  light  that  enters  the  eye  is  already  partially 
polarized,  resulting  from  the  refraction  and  reflection  which  it 
suffers  from  surrounding  objects.  The  angles  and  degrees  of 
reflection  are  so  numerous  and  so  various  that  a  general  diffusion 
of  light  takes  place,  mstead  of  any  unique  change  referable  to 
a  single  reflection.  It  is  only  when  a  bundle  of  rays  are  galli- 
ered  from  this  ccmfused  mass  and  given  uniform  direction  as 
by  the  mirror  of  the  microscope,  and  passed  with  precision 
through  some  of  the  foregoing  experiments  that  light  may  be 
proven  to  possess  the  quality  of  polarization. 

THE  NICOL  PRISM. 

In  the  nicol  prism,  or  simply  the  nicol,  which  is  an  essential 
part  of  every  polarizing  microscope,  advantage  is  taken  of  the 
divergence  of  the  ordinary  and  extraordinary  rays,  to  isolate 
the  latter  for  use  in  the  examination  of  minerals.  This  is  done 
m  the  following  manner : — 

Iceland  spar,  which  is  simply  a  pure  and  very  transoarent 
form  of  common  calcite,  the  principal  ingredient  of  limestone, 


Fiv-f.    Sida  in«w  •(  tiw  Nlesl  Priim.  FIr.  6.  End  Vicwaf  tti*  Nicol  Prim, 

readily  cleaves  in  three  directions.     Hence  it  is  easy  to  obtain 
inclined  prisms,  more  or  less  elongated  in  one  direction.     The 
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end  cleavages  are  inclined  71  degrees  to  the  obtuse  edges  of  the 
prism.  The  side  view  of  such  a  prism  is  represented  by  figure  5, 
A  B  C  D.  The  end  faces  are  then  reduced  by  grinding  and 
polishing  until  they  make  an  angle  of  68  degrees  with  the  obtuse 
edges.  The  prism  then  would  have  the  form  A  B'  C  D.  It  is 
then  carefully  cut  into  two  parts  along  the  plane  H  L  perpendicu- 
lar to  the  shorter  diagonal  of  the  end  face.  The  cut  faces,  after 
polishing,  are  cemented  together  again  in  their  original  position 
by  Canada  balsam,  which  has  nearly  the  same  index  of  refrac- 
I  tion  as  the  Iceland  spar.  It  is  then  covered  by  a  black  coating 
of  some  kind.  The  end  aspect,  when  completed,  is  shown  by 
figure  6,  in  which  the  line  A  B  represents  the  shorter  or  principal 
diameter,  parallel  with  which  are  the  vibrations  of  the  extra- 
ordinary ray. 

When  a  ray  of  light  enters  the  prism  at  /  the  prism  is  so 
adjusted  that  the  extraordinary  ray  is  refracted  into  the  direc- 
tion /  K  and  emerges  parallel  with  its  original  direction,  at  K. 
The  layer  of  balsam  does  not  essentially  disturb  its  direction, 
but  the  ordinary  ray  /  O,  polarized  at  right  angles  to  the  extra- 
ordinary ray,  has  so  large  an  angle  of  incidence  on  the  balsam 
layer  at  O,  and  so  high  an  index  of  refraction  that  it  is  totally 
reflected  and  lost  against  the  blackened  surface  of  the  prism  at 
H'.  The  vibrations  in  the  extraordinary  ray  are  parallel  to  the 
shorter  diameter,  or  to  the  principal  optic  section  of  the  nicol 
prism.     (See  a  more  detailed  description  pp.  47  and  48). 

Nicol  prisms  are  also  sometimes  made  of  different  shape ;  thus. 
they  may  have  the  rhombic  vertical  edges  ground  off  until  the 
cross  section  is  a  square  whose  sides  are  parallel  to  the  diameters 
of  the  rhomb;  again,  they  are  sometimes  so  constructed  that  the 
extraordinary  ray  is  totally  reflected,  and  the  ordinary  ray  passe^i 
through.  A  given  microscope  may  even  have  its  two  nicols  of 
unlike  construction,  but  the  complete  plane  polarization  of  the 
transmitted  light  is  accomplished  in  all  cases. 

Every  petrographical  microscope  has  two  such  artificial 
prisms ;  one  below  the  stage,  in  the  axis  of  the  microscope, 
called  the  Polarieer  and  one  above  the  objective,  called  the 
Analyser.  The  essential  quality  of  these  prisms  consists  in  their 
power  to  eliminate  the  ordinary  ray  which  vibrates  parallel  with 
the  longer  diagonal  of  their  end  faces,  and  to  allow  the  pass^^ 
of  the  extraordinary  ray  which  vibrates  with  the  shorter  diagonal. 
They  are  inserted  in  their  places  in  such  a  way  that  the  lower 
and   sometimes  the  upper  can  be  easily  rotated  horizontally 
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on  their  axes,  or  removed  entirely.  In  the  figure  of  the  Nachet 
microscope  (fig.  54)  the  analyzer  is  outlined  in  the  position  which 
it  has  when  lifted  from  its  place  in  the  body  of  the  microscope. 

Absorption:  This  term  implies  that  some  part  of  a  beam  of 
light  is  lost  in  being  reflected  from  or  on  passing  through  any 
medium,  but  in  many  minerals  the  amount  thus  lost  is  so  slight 
as  to  be  imperceptible.  The  color  of  any  object,  whether  by 
transmitted  or  reflected  light,  is  due  to  the  combined  effect  of 
those  wave-lengths,  or  colors,  which  are  not  absorbed,  A  few 
minerals,  as  epidote,  show  different  colors,  (e.  g.,  yellow  and 
green)  in  common  light,  according  as  the  direction  of  the  light 
is  related  to  the  crystallographic  axes.  But  many  minerals  show 
this  character  distinctly  only  with  polarized  light.  Thus,  horn- 
blende will  appear  green  if  polarized  light  vibrating  parallel  to 
Z  (approximately  its  elongation)  passes  through  it,  and  yel- 
lowish if  the  vibration  is  perpendicular  to  this  direction. 

The  term  absorption  strictly  is  applicable  to  the  amount  of 
light  absorbed,  irrespective  of  the  resultant  color. 

The  term  selective  absorption  or  pleochroism  is  applicable  to 
those  cases  in  which  any  mineral  in  polarized  light  presents 
different  colors,  depending  on  the  relation  of  its  axes  of  ether 
vibration  to  the  direction  of  vibration  of  the  transmitted  light. 

Selective  absorption,  therefore,  results  in : — 

Dichroxsm,  when  a  mineral  shows  two  colors  only. 

Trichroism,  when  it  shows  three  colors. 

Pleochroism,  is  a  general  name  including  Ifcth  the  preceding. 

An  Absorption  Formula  is  an  expression  of  these  different 
amounts  of  absorption  in  any  mineral;  thus  fl>&  indicates  that 
absorption  is  greater  when  the  ether  vibrations  of  the  polarized 
ray  are  parallel  to  the  crystallographic  axis  a  than  when  they 
are  parallel  to  b.  But  absorption  is  usually  stated  in  terms  of  the 
chief  optic  directions  instead  of  crystallographic  axes. 

A  Pleochrotc  Formula  expresses,  in  a  similar  manner  the 
colors  that  a  mineral  presents  in  polarized  light  vibrating  parallel 
to  each  of  its  axes  of  ether  vibration. 
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CHAPTER  II. 
ELEMENTS  OF  MINERALOGY. 

It  is  unnecessary  and  impracticable  to  give  here  a  complete 
account  of  the  physical  and  crystallographic  characters  of  min- 
erals. It  is  intended  at  this  place  only  to  call  attention  concisely 
to  the  essential  characteristics  of  each  crystal  system,  not  includ- 
ing the  properties  that  can  be  illustrated  by  the  use  of  polarized 
light.  The  difEerences  which  these  systems  manifest  in  polarized 
light  are  given  in  the  following  chapter. 

This,  however,  in' order  to  be  intelligible  and  entire,  must  be 
founded  on  elementary  definitions  of  terms  and  accompanied 
by  some  necessary  fundamental  principles  of  crystallography. 
The  student  who  desires  further  knowledge  is  referred  to  the 
larger  works,  such  as  those  of  Dana,  Mallard,  Lewis,  Licbisch, 
Moses,  or  Story-Maskelyne. 

DEFINITIONS  AND  ELEMENTARY  PRINCIPLES. 

Certain  conventional  terms  and  symbols  illustrative  of  general 
principles  that  appertain  to  all  systems,  will  here  be  defined. 

Axes:  Figure^  represents  the  normal  position  of  a  crystal 
as  discussed  in  mineralogy,  with  its  axes  a,  b,  c.  Such  crystal 
forms  may  be  rectangular  or  oblique,  and  the  axes  may  be  per- 
pendicular or  oblique  to  each  other  at  0.  It  is  obvious  that  there 
are  eight  portions  or  octants  which  are  symmetrically  placed 
about  O.  Unless  otherwise  indicated  that  octant  which  is  situ- 
ated in  the  upper  right-hand  corner  in  front  of  the  observer, 
is  the  one  to  which  mineralogical  definitions  refer.  It  is  the 
only  one  embraced  wholly  within  the  positive  arms  of  the  axes. 

The  angles  between  the  axes  a,  b,  c,  when  not  90°  are  denoted 
by  the  corresponding  letters  of  the  Greek  alphabet,  thus  a  a  ^  by 
y,  0  A  c  by  ^.^  A  fr  by  a. 

The  planes  in  which  any  two  of  the  axes  co-exist  are  called 
a.rial  planes. 

Par.\meters:  .-Mthough  crystals  are  not  generally  simple  and 
rectangular,  as  represented  by  the  fundamental  figure  (fig.  7), 
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hut  have  external  plane  surfaces  that  cut  the  axes  in  different 
directions  and  at  various  distances  (as  ABC),  yet  a  condensed 
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uniform  system  of  nomenclature  for  all  planes  has  been  adopted. 
It  is  obvious  that  any  surface  plane  of  a  crystal  may  be  shifted 
parallel  with  itself,  either  nearer  the  center  0  or  to  a  position 
further  removed  from  0,  and  that  it  v/ould  intercept  the  axes 
a,  h,  c  (or — a, — b, — c)  at  distances  from  O  which  would  have 
between  themselves  the  same  numerical  ratios.  The  same  is 
true  of  all  the  plane  surfaces.  That  is  to  say,  whatever  be  the 
size  of  any  crystal  the  intercepts  of  its  planes  on  its  axes  have 
the  same  ratios  as  its  homol(^ous  planes  at  unit  distances.  Hence 
it  is  necessary  only  to  ascertain  and  express  these  ratios  in  order 
to  ccwnpletely  define  the  form  of  a  crystal.  In  fi^re  7,  let  the 
plane  ABC,  be  supposed  to  intercept  the  axes  at  their  unit  lengths. 
Then  OA -.OB  :  OC. 


d :  & :  r,  as  I :  I :  I 
in  which  the  figures  i,  i,  r.  are  the  parameters  of  the  plane  ABC. 
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If  A  is  at  the  center  of  the  line  HO,  and  L  at  the  center  of  the 
line  CO,  and  K  is  the  same  point  as  B,  another  plane  HKL  can 
be  passed  through  these  points  whose  ratios  would  be  xa-.ib-.yic. 
As  the  axes  are  always  expressed  in  the  same  order,  they  may  be 
omitted,  and  this  plane  may  be  written  2:1  :  J/^.  The  axis  b 
is  usually  taken  as  unity,  and  the  other  axes  are  expressed  in 
fractional  parts  or  in  multiples  of  it. 

Indices:  When  these  fractional  ratios  are  reduced  to  integers 
the  expression  is  simpler  still,  and  the  foregoing  becomes 
4  : 2  :  I,  or  simply  421.  The  expression  124  in  which  the  figures 
are  the  reciprocals  of  2,  i,  J^,  reduced  to  integers,  indicates  the 
plane  HKL,  according  to  Miller's  system  of  nomenclature,  and 
these  figures  aie  known  as  the  indices  of  that  plane. 

The  plane  at  the  extremity  of  the  axis  b  is  known  as  the  plane 
b  or  010.  That  at  the  negative  extranity  would  become  olo, 
in  which  the  figure  o,  in  each  case,  indicates  that  the  plane  con- 
sidered is  parallel  with  the  axes  a  and  c;  the  symbol  001  is 
Miller's  expression  for  the  plane  at  the  positive  extremity  of  the 
axis  c,  and  100  indicates  that  at  the  positive  extremity  of  the 
axis  a. 

In  order  to  define  a  crystal  plane  it  is,  hence,  necessary  to 
know  the  numerical  ratios  existing  between  its  intercepts  on  the 
axes  of  the  crystal  to  which  it  belongs.  Experience  has  shown 
that  all  the  planes  of  any  crystal,  as  well  as  all  the  planes  of  all 
the  crystals  of  agy  mineral,  can  be  expressed  either  by  small 
multiples  of  unity,  or  by  theSe  combined  with  infinity  or  with  it's 
reciprocal,  zero. 

Planes  OF  Symmetrv:  If  a  crystal  can  be  divided  by  an  imagin- 
ary plane  into  two  parts  such  that  one  will  repeat  the  other  in  the 
manner  that  an  object  is  reproduced  when  in  front  of  a  mirror, 
such  plane  is  a  Plane  of  Symmetry.  Some  crystals  have  numer- 
ous planes  of  symmetry,  and  some  have  none.  Axes  of  symmetry 
are  normal  to  planes  of  symmetry  and  about  them  a  crystal  may 
be  supposed  to  revolve,  bringing  the  crystal  into  identical  crystal- 
lographic  positions  two  or  more  times  in  a  complete  revolution. 
Such  axes  of  symmetry  are  usually  chosen  as  the  crystallographic 
axes,  and  they  are  also  often  the  axes  of  ether  vibration.* 

The  term  Crystal  Form  is  used  technically  to  include  all  the 

•A  principal  plane  of  ayniin*try  la  one  about  whose  normal  axis  Ui* 
eryatfl]  may  be  revolved  leas  than  ISO"  aJilfl  Htill  brln^  the  crystal  Into  Identi- 
cal cryatanoKTOphlc  pOHillon.  Such  planee  only  eufsl  In  crs'staJe  oT  the 
Isometric,    letrasonal   and    hexagonal  systems. 
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planes  of  a  crystal  which  may  be  derived  from  any  known  plane 
according  to  the  symmetry  of  the  class  and  system  to  which  it 
belongs.  Thus,  by  reference  to  figure  7,  if  the  plane  H  K  L  he 
known  to  belong  to  the  orthorhombic  system,  the  necessary  crys- 
tal form  would  require  the  presence  also  of  the  other  planes 
surrounding  the  point  0,  namely: 

U  K  L    J3  RL    H  KL 
H  KL    R  KL    URL     H  RL 
and  for  the  symbol  124  the  following  planes  are  required  to  com- 
plete the  form: 

1^4     124     I  I  4 
I  e  Z    I  z  ^    T  ?  4    I  1  J 

If  the  form  belong  to  the  tetragonal  system  it  requires  16 
planes.  If  it  belong  to  the  isometric  (or  cubic)  system  it  has  48 
similar  planes;  if  to  the  triclinic,  it  has  only  two.  (See  further 
under  the  different  systems.) 

PiNACOios  are  forms  whose  planes  are  parallel  to  two  of  the 
cfystallographic  axes.  Two  such  are  seen  in  the  tetragonal  form, 
rig.  S.  These  pinacoidal  faces  have  special  names  in  the  different 
crystallographic  systems.    A  single  pinacoid  cannot  inclose  space. 


Fw  S^  Piinnndi  of  the  F1«.».    Piiim.  Fig.  IB.    Dome*. 

Titntoul  Snteu. 

A  Prism  is  a  crystal  form  whose  planes  are  parallel  to  the 
vertical  axis,  and  intersect  both  the  horizontal  axes,  as  figure  9. 
It  is  not  a  closed  form. 

Domes  are  forms  resembling  prisms  but  in  transverse  position, 
having  their  planes  parallel  to  one  of  the  lateral  axes.     Figure  10 
represents  two  domes ;  one  having  its  planes  parallel  to  a  and  the 
other  to  b,  which  are  not  closed  forms. 
,  It  is  evident  that  it  is  a  matter  of  arbitrary  choice,   so   far  as 
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outward  form  is  concerned,  whether  fi^re  9  represents  a  prism 
or  a  dome. 

Pyrauids  are  forms  whose  planes  intercept  all  three  of  the 
crystallographic  axes, — figure  11.  These  are  closed  forms  except 
in  the  monoclinic  and  triclinic  systems. 


Fis.  11.    Prnmldi.  Fis.  12.    GcDeral  Flsoce  Sbowinc  CrriUl  Farau. 

In  the  general  figure  (fig.  12)  the  sides  100,  010  and  oot  are 
pinacoidal  faces,  or  simply  pinacoids;  no  and  120  are  prismatic 
faces  or  prisms;  lOi  is  a  macrodome,  being  parallel  to  the  great- 
er of  the  lateral  axes;  on  and  021  are  brachydomes,  being  paral- 
lel to  the  shorter  lateral  axis,  and  in,  121  are  pyramidal  faces 
or  pyramids. 

Combinations.  When  any  of  the  above  crystal  forms -do  not 
enclose  space  they  unite  with  others  of  the  same  system  and 
grade  of  symmetry.  A  single  crystal,  therefore,  may  contain 
prisms  and  pyramids,  or  pinacoids  and  pyramids,  etc.  It  is  found 
that  in  nature  such  combined  forms  have  common  axes  which  pos- 
sess the  same  axial  ratios  as  the  separate  forms.     Certain  forms 


prevail  in  nature ;  the  lateral  pinacoids,  for  instance,  being  devel- 
oped, as  in  some  feldspars,  at  the  expense  of  all  the  other  planes. 
In  other  minerals  the  prisms  sometimes  prevail,  giving  rise,  in 
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like  manner,  to  very  long  and  even  acicuUr  crystals,  or  fibres  as 
in  chrysotile. 

When  two  forms  combine,  whether  closed  or  open,  having 
axes  of  different  lengths,  their  faces  and  angles  mutually  inter- 
cept each  other,  as  in  figures  13  and  14.  If  the  axes  in  fig.  14, 
were  diagonal,  the  figure  would  show  a  combination  of  the  prism 
and  pyramid,  the  former,  however,  being  an  open  form. 

Fundamental  Form  is  that  form  -which  is  assumed  as  the 
starting-point  in  the  development  of  any  crystallographic  system, 
and  to  it  are  referred  the  numerical  calculations  necessary  to 
compute  the  axial  ratios.  In  the  rectangular  crystallographic 
systems ;  viz :  the  isometric,  the  tetragonal,  the  hexagonal  and  the 
orthorhombic,  the  fundamental  form,  when  all  its  planes  are 
present,  is  a  solid  body ;  viz :  respectively,  the  octahedron,  the  te- 
ragonal  pyramid,  the  hexagonal  pyramid,  and  the  orthorhombic 
pyramid.  Their  pyramidal  planes  cut  all  the  axes  at  their  unit 
lengths,  except  in  the  hexagonal  system,  where  they  each  cut 
three  and  are  respectively  parallel  to  the  remaining  fourth  axis. 
Any  such  pyramidal  plane  could  be  chosen  to  construct  the  fun- 
damental forms  (p.  20).  In  the  monoclinic  and  triclinic  systems 
a  pyramidal  face  is  chosen  such  that  the  axes  a  and  c  may  be 
parallel  to  some  prominent  planes. 

Sphehical  Projection  :  For  the  purposes  of  definition  and  cal- 
culation the  surfaces  and  the  angles  of  crystals  are  supposed  to 
be  transferred  to  the  surface  of  a  sphere,  as  in  figure  15.  The 
centre  of  this  sphere  is  at  the  point  at  which  the  crystallographic 
axes  meet.  Radii  are  drawn  perpendicular  to  the  several  planes 
of  the  crystal.  The  points  at  which  these  radii  meet  the  surface 
of  the  sphere  are  called  the  poles  of  the  various  planes  of 
the  crystal.  It  is  customary  to  consider  only  one  hemisphere 
which  should  be  that  in  which  occur  the  poles  of  those  planes 
most  useful  for  reference  and  most  commonly  met  with. 

In  fig.  15  the  poles  of  the  prismatic  faces  1 10  and  iTo  are  at 
D  and  £.  The  pole  of  the  pinacoid  100  is  at  A,  and  that  of  001 
is  at  C.  It  is  obvious  from  an  examination  of  fig.  15.  that  the 
arcs  on  the  circumference  of  the  sphere,  as  -4  Z),  measure  angles 
at  O  which  are  the  supplements  of  the  angles  included  between 
the  planes  of  the  crystal  of  which  A  and  D  are  the  poles. 

The  angles  between  the  radii  drawn  to  poles,  and  hence  the 
interfacial  angles  of  the  crystal  can  all  be  computed  by  the  meth- 
ods of  spherical  trigonometry.  Similar  projections  can  be  made 
from  any  crystal  form. 
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Pis.  15.    SpbericBl  Projection. 
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Stereogkaphic  Projection:  If  the  hemisphere  of  spherical 
projection  be  subjected  to  a  second  projection  on  to  a  horizontal 
plane,  and  the  eye  be  placed  at  the  lower  end  of  the  diameter 
normal  to  this  plane,  the  great  circles  appear  either  as  arcs  of 
circles  or  as  straight  lines. 

If  the  orthorhombic  form  seen  in  figure  12  be  represented  in 
stereographic  projection,  it  would  appear  as  in  fig.  16.  In  this 
representation  the  upper  half  of  the  form  is  sup^sed  to  be  above 
the  eye  of  the  observer  who  looks  toward  the  zenith.  The  poles 
of  the  various  planes  thus  visible  would  be  as  represented,  the 
conventional  position  of  all  the  planes  and  their  symbols  being 
preserved. 

For  all  forms  with  rectangular  axes  the  pole  of  the  basal  plane 
will  be  at  the  center  of  the  horizontal  representation,  and  those  of 
the  pinacoids  will  be  at  the  extremities  of  the  principal  diameters. 

The  poles  of  pyramids  and  domes  are  within  their  respective 
great  circles,  according  to  their  axial  intercepts. 

Stereographic  projection  has  been  used  extensively  by  Michel 
Levy  to  represent  graphically  the  optical  characters  of  miner- 
als, especially  the  feldspars,  in  polarized  light. 

A  Zone  is  a  series  of  planes  parallel  to  the  same  line  though 
not  parallel  to  each  other.  It  is  a  term  derived  from  spherical 
projection.  All  the  vertical  planes  represented  in  figure- 15,  for 
instance,  having  their  poles  in  the  same  great  circle,  constitute 
a  zone.  The  line  through  the  center  of  the  crystal,  to  which  they 
are  all  parallel,  is  the  sone-axis. 

THE  SIX  CRYSTALLOGRAPHIC  SYSTEMS. 

It  has  been  said  already  that  all  crystalline  substances  are 
divisible  into  classes,  isotropic  and  anisotropic.  In  the  isotropic 
class  are  the  substances  that  crystallize  in  the  cubic  or  isometric 
system.  In  the  anisotropic  class  are  the  crystals  of  the  other  five 
systems. 

The  Isometric  System  :  The  crystals  of  this  system  play  but  a 
very  insignificant  part  in  practical  microscopic  petrography.  This 
is  because  they  are  very  rare  as  rock-forming  minerals,  and  also 
because  they  are  usually  identifiable  by  the  simplest  tests. 

The  axes  are  all  equal  and  at  right  angles,  hence  they  are  all 
expressed  by  unity,  and  any  one  of  them  may  be  taken  for  the 
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vertical  axis.  Three  principal  planes  of  symmetry*  define  the 
position  of  the  crystallographic  axes.  Six  secondary  planes  of 
symmetry  bisect  the  angles  between  the  principal  planes.  A  great 
variety  of  holohedral  and  hemihedral  forms  have  been  described, 
biit  they  are  comparatively  unimportant  to  the  petrogra^her, 
Those  of  most  importance  microscopically  are  the  cube,  octa- 
hedron, dodecahedron,  and  trapezohedron. 

The  cube,  figure  17,  is  a  six-sided  solid,  each  of  whose  faces 
is  parallel  to  two  axes  and  cuts  the  other  one.  Sections  are  often 
squares.  The  octahedron  (fig.  18)  is  an 
eight-sided  solid,  each  of  whose  planes  cuts 
all  three  axes  at  equal  distances.  It  is  a 
double  equilateral  pyramid.  Sections  are 
often  rhombs.  The  dodecahedron  (fig.  19) 
is  a  twelve-faced  solid,  each  of  whose  planes 
is  parallel  to  one  axis  and  cuts  the  other 
two  at  equal  distances.  Sections  are  often 
hexagons.  The  trapezohedron  (fig.  20)  is  a  form  of  twenty-four 
similar  faces  each  of  which  cuts  one  axis  at  unit  length,  and  the 
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other  two  at  some  multiple  of  that  unit  length.  Each  face  is  a 
trapezium.  Sections  are  often  octagons.  This  form  is  so  com- 
mon in  leucite  that  it  is  sometimes  called  a  leucitohedron. 

The  Tetragonal  System  has  three  cryslallographic  axes  at 
right  angles  to  each  other.  The  two  lateral  axes  are  equal,  and 
the  vertical  axis  is  either  longer  or  shorter. 

It  has  one  principal  plane  of  symmetry,  parallel  to  the  base, 
and  four  secondary  planes  which  are  perpendicular  to  the  base 
and  stand  at  angles  of  45°  with  each  other,  two  of  which  contain 
the  lateral  axes. 
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The  vertical  axis  c  is  obtained  from  the  equation 
tan  ooiAioi  =  c,  for  a  dome, 
or  tanOOiAiii.  J4v'2"=  A  for  a  pyramid, 

which  are  easily  understood  from  an  examination  of  figures  12 
and   16.*     The  axial  ratio  (p.  20),  or  the  ratio  existing  between 
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the  unit  lengths  of  the  two  unequal  axes  o  (or  b)  and  c  is  an 
important  element,  since  it  is  the  fundamental  expression  for 
the  inclination  of  the  planes  of  the  crystal  on  its  axes.     It  is  a 

•Thus:  Let  the  angle  A  0  C  be 
the  right  angle  at  the  centre  of  the 
crystal  formed  by  the  intersection  of 
the  axes  a  and  c.  Let  K  ZJ  be  a 
dome  face,  loi,  tangent  on  the  spher- 
ical projection  at  F.  The  angle  D  E 
O  a  the  supplement  of  the  angle  OOi 
A  101.  It  a  be  represented  hy  E  O 
c  will  be  D  O.  Form  a  circle  with 
E  as  centre  and  E  0  as  radius,  then 
will  D  0  (or  c)  be  its  tangent 
Hence  c  —  tan  001  a  ioi. 
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constant  quantity,  for  the  same  substance,  and  serves  to  identify 
minerals  in  the  same  manner  as  specific  gravity  or  light  phenom- 
ena. 

Since  <:  =  tanooiAioi 

and  a  =  tan  iqiaooi 

and  c  is  not  equal  to  a,  it  is  evident  not  only  that  the  angles  ooi  a 

loi  and  loiAOOi  are  supplements  of  each  other,  but  also  that  it 

is  necessary  to  ascertain  by  measurement  the  value  of  one  of  the 

interfaciai  angles.     If  o  be  unity  and  loiAOOi  be  known  and 

,   ,        .    „          ■  ,      .-    .                      tan  001  AiOi 
represented  as  p,  the  axial  ratio  becomes  i : ■—  ■  - 

Employing  the  pyramidal  faces  of  the  fundamental  form  {fig- 
ure 22)  we  have,  a  being  assumed  equal  to  unity, 
<r  =  tan  OOlAlllX>^,/2" 

If,  in  figure  12,  considered  as  tetragonal,  the  planes  ill, In,  111, 
iTt,  III,  in.  III,  and  111  be  developed  at  the  expense  of  all  the 
others,  the  resulting  solid  would  be  the  fundamental  form  of  the 
tetragonal  system  (p.  27)  shown  in  figure  22,  in  which  the  lateral 
axes  are  equal,  and  the  vertical  axis  greater.     Its  stereographic 


Pis.  23.    StenoEiaiihic  Projection  ofthePundamenUl  Form  at  the Tcln«ODilSTit«m. 
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projection  is  seen  in  figure  23.     The  pinacoitJs  and  the  prisms 
are  obliterated. 

The  important  forms  of  the  tetragonal  system  include  the  base, 
prisms  and  pyramids.  The  base  is  a  pinacoid  parallel  with  the 
lateral  axes.  The  other  terms  have  been  previously  defined. 
These  forms  commonly  appear  in  various  combinations,  illus- 
trated in  figures  24,  25,  and  26.  The  first  is  a  rombination  of  the 
prism  and  the  pyramid,  seen  in  zircon.     The  second  is  a  prism 
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b  Two   Pnunidi. 


terminated  by  a  pyramid  and  a  base,  as  found  in  vesuvianite. 
The  third  is  a  combination  of  two  prismatic  forms  and  two  pyra- 
midal forms,  occurring  in  njtile. 

The  Hexagonal  System  :  This  system  has  three  equal  axes 
perpendicular  to  a  vertical  axis.  (fig.  27).  The  horizontal  axes 
are  inclined  to  each  other 
at  angles  of  60*.  The  ver- 
tical axis  is  either  longer 
or  shorter.  The  hexagonal 
system  is  divisible  into: 

Hexagonal  Division, 
which  has  six  secondary 
planes  of  symmetry,  verti- 
cal and  perpendicular  to 
the  principal  plane  of  sym- 
metry. The  secondary 
planes  meet  at  angles  of 
30°  in  the  vertical  axis  and 
three  of  them  contain  the  lateral  axes :  and 

Rhombohedral  Division,  which  may  strictly  be  considered  as 
embracing  half-forms  of  the  hexagonal  division.  This  has  thret 
secondary  planes  of  symmetrj'  which   stand   at   60°   with   each 
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other,  and  mutually  intersect  in  the  vertical  axis ;  and  no  princi- 
pal plane  of  symmetry. 

The  lateral  axes  for  both  divisions  are  represented  by  o„  a^,  a„ 
as  in  figure  27,  and  the  vertical  axis  by  c. 

The  Fundamental  Form  is  a  hexagonal  pyramid,  bounded 
by  planes  which  intersect  the  vertical  and  two  contiguous  lateral 
axes  at  their  unit  lengths  and  are  parallel  respectively  to  the 
other  lateral  axes.  It  has  twelve  sides  whose  indices  are  as  fol- 
lows: 

loli,  oiTi,  Tioi,  Toil,  oTil,  iToi 
loir,  oill.  iloT,  loll,  Dili,  ilot 
For  this  system  the  tangent  principle  is  expressed  by 

tan  0001AII22  =  c,  obtained  from  the  unit  diagonal 
pyramid;  or 

tanoooiAioil  X  Ji\/3r=*^,  obtained  from  the  unit 
pyramid. 

For  a  hexagonal  pyramid  (figure  27) 

tan  J4  toil  AOni  =  sine v'JT 
For  computing  the  axial  ratio  any  hexagonal  pyramid  may  be 
chosen,  since  in  all  forms  of  the  same  substance  the  ratios  of  the 
axial  intercepts  are  the  same. 

The  value  of  the  axis  c  in  terms  of  a  is  expressed  by, 
£  =  tan  (angle)  d;  tan  />  =  tan  B  ^^ 

or 
sin  &  =  cot  A.^3,   (fig.  27) 
where  B  is  one-half  the  basal  edge  of  the  pyramid  and  A  is  one- 
half  of  its  polar  edge.  (Williams). 

The  process  is  analogous  to  that  of  the  tetragonal  system.    It 
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"  is  only  necessary  to  note  that  the  side  a  of  the  spherical  triangle 
is  60°  instead  of  45°. 
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The  important  forms  of  the  hexagonal  division  are  the  base 
and  the  hexagonal  prisms  and  pyramids.  They  commonly 
occur  in  various  combinations,  as  shown,  for  example,  in  figures 
28.  29.  and  30.  The  first  two  show  forms  assumed  by  apatite, 
while  the  last  is  seen  in  beryl.  In  the  rhombohedral  division, 
the  common  crystals  are  strikingly  different  from  the  preceding. 
They  are  illustrated  by  figures  31,  32,  33,  34,  35,  and  36.  The 
characteristic  forms  here  are  the  rhombohedron  and  the  scaleno- 


1^.31. 
Rhombohedron  of  Caldtc,  by        1 

Cleavue-  hcdron  ind  Buc.  Heraatitc. 

hedron.  The  former,  figures  31.  and  32,  is  a  six-sided  solid,  each 
of  whose  faces  is  a  rhomb.  It  has  six  like  lateral  edges  forming 
a  zigzag  hne  around  the  crystal,  and  six  like  terminal  edges, 
three  above  and  three  below.  It  may  be  derived  from  the  double 
hexagonal  pyramid  by  extending  alternate  faces  until  those  be- 
tween disappear,  therefore  any  face  of  the  rhombohedron  has  the 
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same  relation  to  the  axes  as  any  face  of  the  hexagonal  pyramid ; 
that  is,  it  cuts  two  lateral  axes  at  equal  distances  and  is  parallel 
to  the  third;  it  also  cuts  the  vertical  axis.  The  scalenohedron, 
figure  31,  is  a  twelve-sided  solid  each  of  whose  faces  is  a  scalene 
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triangle.  Its  lateral  edges  form  a  zigzag  around  the  crystal  like 
that  around  the  rhombohedron,  but  the  terminal  edges  are  not 
all  alike — alternate  terminal  edges  are  alike,  but  unlike  those 
between.  It  may  be  derived  from  the  double  dihexagonal  pyra- 
mid by  extending  alternate  faces  to  obliterate  those  between. 
The  forms  shown  in  figures  31,  32,  33,  34,  and  35,  are  found  in 
calcite;  figure  36  is  a  crystal  habit  assumed  by  quartz,  which  is 
characterized  by  the  faces  of  a  trigonal  trapezohedron.  This 
leads  to  a  lower  grade  of  symmetry  than  that  of  calcite.  This 
trapezohedron  may  be  derived  by  extending  the  alternate  faces 
of  a  scalenohedron  until  those  between  disappear.  Each  face, 
therefore,  has  the  same  relations  to  the  axes  as  each  face  of  the 
scalenohedron  fand  also  the  double  dihexagonal  pyramid)  ;  that 
is,  it  cuts  all  three  lateral  axes  in  such  a  way  as  to  have  a  ratio 
on  any  two  adjacent  between  i  :£  and  i  :2;  it  also  cuts  the  vertical 
axis.  The  trigonal  trapezohedron  is  not  known  to  occur  alone, 
although  it  is  a  closed  form. 

The  Orthorhombic  System  has  no  principal  plane  of  sym- 
metrj',  but  three  secondary  planes. 

There  are  three  unequal  axes,  at  right  angles  to  each  other, 
lying  in  the  secondary  planes  of  symmetry.     Figures  37  and  38 


illustrate  the  positions  of  the  axes  and  their  nomenclature.  The  axis 
b  is  the  greater  of  the  lateral  axes,  as  is  indicated  by  a  horizontal 
line  (macron)  above  it;  a  is  the  shorter,  marked  by  a  correspond- 
ing sjTnboI  (breve),  and  c,  the  vertical  axis,  is  designated  by 
:i  perpendicular  line  above  it.  They  are  plus  or  minus  as  in  the 
tetragonal  system,  b  is  known  as  the  macrodiagonal  axis  and  in 
calculating  the  axial  ratio  is  taken  as  unity  and  a  as  the  brachy- 
diagonal.     The  pinacoidal  sides  to  which  the}'  are  respectively 
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parallel    are   hence   named   macropinacoid    and    brachypinacoid. 

There  being  three  axial  values,  there  are  two  axial  ratios, 

a  ,     c 

r     and    -, 


From  the  spherical  triangle  abc  (see  fig.  37) 
cos  %\ 

sin  >^  Z' ' 


Cos  angle  a  = 


;  tg.  angle 


„  ,     ,       cos  >^  Z   .  ,     ■ 

Cos  angle  o  =  -.      ■,■ ,-,;  tg,  angle  0  =  c 
^  sin  >2  Y     ^       "* 

These  values  may  be  ctwnputed  from  the  angles  measured,  by 
the  use  of  spherical  triangles,  on  the  stereographic  projection,  and 
by  the  aid  of  the  tangent  principle. 

The  axes  are  related  to  the  angles  as  expressed  by  the  fol- 
lowing equations: 

tan  (lOOAiio)  =  a, 
tan  (ooiAOii)  =  c  and 

tan    {ooiAiol)  =  — . 

To  place  the  orthorhombic  crystal  in  conventional  position  any 
axis  is  made  vertical  and  the  longer  lateral  axis  is  turned  so  as 
to  extend  right  and  left. 

The  important  forms  of  this  system  include  the  three  pinacoids 
(basal,  macro-  and  brachy-),  already  defined,  and  the  prisms,  pyra- 
mids and  domes.  The  unit  prism  is  the  form  each  of  whose  four 
faces  is  parallel  to  the  vertical  axis  and  cuts  the  lateral  axes  at 
unit  distances  on  those  axes.  Each  face  of  a  macroprism  cuts  the 
macroaxis  (&)  at  a  multiple  of  unit  distance,  while  the  faces  of 
a  brachyprism  cut  the  brachyaxis  at  a  multiple  of  unit  distance. 
The  pyramids  are  similarly  classified  as  unit  pyramids,  macro- 


pyramids  and  brachypyramids.  The  macrodome  is  parallel  to  the 
macroaxis  and  cuts  the  other  two  axes:  the  brachydome  is  paral- 
lel to  the  brachyaxis  and  cuts  the  other  two. 
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These  forms  nearly  always  occur  in  combinations.  Thus,  figure 
39  shows  a  combination  of  the  macropinacoid  loo,  brachypina- 
coid  oio,  unit  prism  no,  brachyprism  120,. unit  pyramid  in, 
brachypyramid  232,  two  macropyramids  212  and  211  and  the 
brachydome  014,  as  found  in  hypersthene.  Figure  40  is  a  com- 
bination occurring  in  olivine;  figfure  41  illustrates  a  habit  of 
cordierite,  and  figures  42  and  43  are  drawings  of  crystals  of 
barite. 


The  Monoclinic  System  has  one  secondary  plane  of  sym- 
metry; viz,  that  which  includes  the  vertical  axis  c  and  the  clino- 
diagonal  axis  a.  Its  three  axes  are  unequal,  and  b  is  perpendicular 
to  the  others,  and  hence  to  the  plane  of  symmetry.  That  face 
which  is  parallel  to  the  inclined  axis  a  and  the  vertical  axis  is  the 

/f 
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clinopitiacoid,  the  axis  a  being  the  clinodiagonal.  Similarly  the 
orthopinacoid  is  parallel  to  the  orthodtagonal  axis  b  and  to  the 
vertical  axis.  See  figure  44  in  which  these  parts  and  relations 
are  illustrated.  In  stating  the  axial  ratio  b  is  taken  as  unity.  The 
angle  between  a  and  c  is  expressed  by  /3. 
For  the  axial  ratio: 


sin  ,3 


sin  ,9 


To  place  a  monoclinic  crystal  in  conventional  position  the  axis 
which  is  perpendicular  to  the  plane  of  the  other  two  must  be 
made  to  extend  right  and  left;  of  the  other  two  the  shorter  is 
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usually  the  axis  a,  and  is  placed  so  as  to  extend  downward  to  the 
front,  while  the  other  axis  is  vertical. 

The  important  forms  of  the  system  resemble  those  of  the  ortho- 
rhombic  system,  but  the  system,  has  less  symmetry  than  the  latter 
and  therefore  some  forms  are  made  up  of  a  smaller  number  of 
faces.     Further,  the  macro-  forms  of  the  orthorhombic  system 


y-      o»i|      my 


ng.  47. 
iDD  Hibit  of  Epidotei  com - 
lUoD  of  biM,  orttaopina- 


correspond  to  ortho-  forms  in  the  monoclinic  system,  and  brachy- 
forms  correspond  to  clino-.  Thus,  the  orthodome  consists  of  only 
two  faces,  both  parallel  to  the  orthoaxis  and  cutting  the  other  two. 
The  pyramid  has  only  four  faces  and  consists  of  two  pairs  of 
parallel  planes;  it  is  not  a  closed  form.  Figure  45  shows  a 
crystaj  of  augite,  the  forms  present  being  the  orthopinacoid 
100,  clinopinacoid  010,  unit  prism  no,  and  unit  pyramid  Trt. 
iMgure  46  illustrates  a  habit  of  orthoclase  with  the  base  001  and( 
the  clinopinacoid  oio  combined  with  the  unit  prism   no,   the 


cHnoprism  130,  the  unit  pyramid  In,  and  the  orthodome  3oi. 
Figure  47  is  a  common  habit  of  epidote ;  its  forms  are  the  base 
061,  orthopinacoid  loo,  orthodome  Toi,  and  unit  pyramid  Tii. 
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The  Tkiclinic  System  has  no  plane  of  symmetry.  All  its 
forms,  in  the  technical  sense  of  that  term,  consist  of  only  two 
parallel  planes,  which  necessarily  can  occur  only  in  combination 
with  other  forms.  Its  three  axes  are  all  unequal  and  oblique  to  each 
other  at  their  point  of  intersection.  They  are  lettered  a;  the  brach- 
ydiagonal,  b  the  macrodiagonal  and  c,  the  vertical.  The  brachy- 
pinacoid  is  parallel  to  c  and  a,  and  the  macrodiagonal  is  parallel 
to  c  and  b.  See  figure  48  for  an  illustration  of  the  conventional 
position  of  these  axes,  and  figure  49  for  a  simple  triclinic  form  in 
which  the  only  element  of  symmetry  is  the  point  at  the  centre. 

In  the  use  of  spherical  projection  it  has  to  be  noted  that  the 
spherical  angles  of  the  triangle  100,  oio,  001,  are  the  supplements 
of  the  axial  angles ;  viz ;  The  angle  at  100  =  180° —  a ;  that  at  010 
=  180° — P;  and  that  at  001  ^=  180° — y.  They  can  be  computed 
from  the  angles  lOOAOOi,  lOOAOio  and  OOiAoio  of  the  same 
triangle. 

The  axial  ratios  are  expressed  thus,  b  being  unity ; 
c   _   sin  oor  a  100 
2  ~   sin  100  A  010 
a         sin  100  A  III 


i         sin  100  A  110 

To  place  a  triclinic  crystal  in  conventional  position  any  axis 
is  made  the  vertical ;  of  the  other  two  the  longer  is  usually  the 
axis  b  which  must  extend  right  and  left  and  incline  downward 
to  the  right;  at  the  same  time  the  axis  a  must  incline  downward 
to  the  front. 

The  important  forms  of  the  system  are  named  like  those  of 


FiK.50. 
Triclinic  form  of  Aiinitc,  ihow. 
ins  TwoTJnil  Pritmi.  Macro- 
pinacDid.  Hacnxioiiu  and 
two  Unit  Prramidi. 


Fig.  SI, 

Combinalioni  shown  In 
AiUte. 


the  orthorhombic  system,  but  in  this  case  the  lack  of  planes  and 
axes  of  symmetry  reduces  the  number  of  faces  in  any  form  to 
two,  which  are  always  opposite  and  parallel.     Figure  50  repre- 
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sents  a  crystal  of  axinjte  which  shows  the  two  unit  prisms  110 
and  ilo,  macropinacoid  100,  macrodome  201,  and  two  unit 
pyramids  III  and  rli.  Figure  51  is  a  combination  of  the  base 
007,  brachypinacoid  010,  two  unit  prisms  110  and  ilo.  unit 
pyramid  III,  and  niacropyramid  2ii,  occuring  in  albite.  Figure 
52  is  another  illustration  of  triclintc  crystals ;  it  is  a  habit  of 
rhodonite. 

Minerals  of  the  monoclinic  system,  and  also  more  especially, 
those  of  the  triclinic  system,  possess  the  highest  interest  and  im- 
portance in  microscopic  petrography.  This  is  because  of  their 
great  preponderance  in  the  con.stitution  of  the  crystalline  rocks, 
and  the  great  variety  of  aspects  which  they  present  in  polarized 
light.  These  facts  have  led  to  the  discovery  of  delicate  methods 
of  examination,  and  to  the  multiplication  of  accurate  instruments, 

IMPORTANT  PHYSICAL  CHARACTERS   OP  MINERALS. 

Twinning  is  a  very  common  phenomenon  in  minerals  exam- 
ined microscopically.  In  general,  a  twinned  crystal  has  one  of 
its  halves  in  reverse  position  with  respect  to  the.  other,  having 
been  turned,  as  it  were,  180°  out  of  its  normal  position,  about  an 
assumed  axis,  or  twinning  axis.  The  composition  face  of  the 
two  parts  is  usually  the  twinning  plane,  but  it  may  be  some  other 
plane.  The  fine  lines,  or  striations,  seen  on  the  triclinic  feld- 
spars, are  produced  by  polysynthetic  twinning.  (See  further,  on 
twinning,  under  Application  of  Polarized  Light,  Chapter  III). 

Cleavage  is  the  tendency  of  minerals  to  separate  naturally 
along  planes  parallel  to  some  natural  or  possible  crystal  faces, 
producing  more  or  less  smooth  surfaces.  This  tendency  usually 
exists  in  more  than  one  direction,  and  is  more  marked  in  some 
directions  than  in  others.  After  polarization  of  light  it  is  to  the 
petrographer  one  of  the  most  important  of  the  physical  charac- 
ters of  minerals,  as  it  frequently  furnishes  the  only  means  by 
which  the  directions  of  faces  and  axes  can  be  known.  It  should 
be  distinguished  carefully  from 

Parting,  which  is  generally  a  secondary  feature  superinduced 
on  minerals  by  pressure  or  incipient  decay,  or  by  twinning,  and 
in  which  the  laminae  are  generally  coarser  and  more  irregular 
than  in  genuine  cleavage.  In  parting  the  laminae  may  be  a  milli- 
metre or  more  in  thickness;  in  cleavage  usually  less  than  a 
twentieth  of  a  millimetre.  , 
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Specific  Gravity  is  the  relative  weight  of  a  mineral  com- 
pared to  water,  and  is  used  not  only  for  the  identification  of  a 
mineral,  but  also  for  the  separation  of  minerals  of  any  desired 
specific  gravity  from  a  mixed  powder.  Several  liquids  are  known 
heavier  than  the  common  rock-forming  minerals.  When  the 
powder  floats  the  liquid  is  diluted  gradually  by  a  lighter  liquid. 

Thoulet's  Solution.*  Potassium-mercuric  iodide;  sp.  gr. 
commonly  3.01 — 3.1;  max.  density,  3.196;  KI:  Hg  1^=1:  1.24; 
color  yellowish -green,  becoming  reddish  from  separation  of  Io- 
dine ;  dilution  by  water ;  density  changes  slowly  by  exposure  to 
air  through  absorption  of  water. 

So  long  as  the  proportion  of  the  two  salts  KI  and  Hg  /,  re- 
mains the  same,  water  may  be  added  even  to  reduce  the  specific 
gravity  to  i.o,  and  by  evaporation  on  a  water-bath  the  highest 
specific  gravity  may  be  restored.  If  by  use  or  otherwise  the  pro- 
portion between  the  salts  become  changed,  with  an  excess  01 
Hg  /[  a  yellow  hydrous  double-salt  in  acicular  crystals  is  observ- 
able; with  excess  of  KI  this  substance  appears  in  cubes.  The 
green  color  may  be  restored,'  as  well  as  the  original  composition, 
by  adding  metallic  mercury  during  a  slow  evaporation  on  the 
water-bath.  Metallic  iron  decomposes  this  liquid,  which  is  very 
corrosive  and  deadly. 

Klein's  Solution.  Cadmium  borotungstate  -1- water;  sp.gr. 
3.36 ;  max,  density  3.365 ;  color,  light  yellow ;  dilution  by  water, 
spoiled  by  contact  with  zinc,  iron,  lead  or  with  carbonates. 

At  high  specific  gravity  this  liquid  is  so  oily  that  it  cannot  be 
used.     It  is  poisonous  but  less  corrosive  than  Thoulet's  solution. 

Braun's  Solution.  Methj'lene  iodide,  CH^  /, :  sp.  gr.,  (at 
16°  C.)  3.3243,  varying  about  0.0022  for  each  degree  (C.)  of 
change  of  temperature ;  color  yellow,  becoming  reddish ;  dilution 
by  benzole  or  ether;  spoiled  by  water  or  alcohol;  not  injured  b> 
contact  with  metallic  substances ;  after  dilution  may  be  reconcen- 
trated  by  evaporation ;  does  not  decompose  on  exposure  to  air , 
its  yellow  color  may  lye  restored  by  shaking  it  up  in  a  bottle  in 
which  is  a  little  metallic  mercury. 

Braun's  solution  is  the  most  generally  useful,  owing  to  the 
stability  of  its  composition,  its  mobility  and  its  high  index  of 
refraction  (1.74092  at  16°  C.)  which  renders  it  useful  for  deter- 
mining indices  of  refraction  by  total  reflection.    It  is  also  useful 

*  Also  known  as  SonstajM's   eolutlon.   from  B.     Sonstadt   who  flrat   lued 
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ss  an  immersion  liquid  on  the  objective  of  the  microscope,  and 
over  the  condenser  below  the  stage. 

The  Westphal  Balance,  This  instrument  is  indispensable. 
It  is  represented  by  figure  53.  Its  purpose,  as  generally  used, 
is  to  ascertain  the  specific  gravity  of  a  liquid  in  which  have  been 
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placed  one  or  more  mineral  grains  the  density  of  which  is  the 
same  as  that  of  the  liquid,  and  which,  therefore,  swim  at  random 
in  the  body  of  the  liquid.  The  liquid  is  brought  to  the  density  of 
the  mineral  fragments  by  successive  small  additions  of  the 
concentrated  liquid  or  of  benzole,  or  ether  (if  the  liquid  be 
methylene  iodide)  according  as  it  is  already  too  light  or  too 
heavy.  When  the  fragments  are  correctly  adjusted  to  the  liquid 
the  specific  gravity  of  the  liquid  is  ascertained  by  causing  the 
index  of  the  bar  to  stand  at  the  zero  point  of  the  scale.  This 
is  done  by  hanging  the  small  weights  which  accompany  the 
instrument  on  the  long  arm  of  the  bar  after  the  sinker  is 
immersed  in  the  liquid  and  hung  from  the  hook  at  the  longer 
end  of  the  bar.  These  weights  are  so  graduated  that  they 
severally  indicate,   after  the  bar   is   balanced,   the   integer  and 
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decimal  figures  of  the  number  expressing  the  specific  gravity. 
For  example,  the  largest  weights,  when  suspended  from  the  hook 
on  which  the  sinker  is  hung,  each  indicates  one  unit ;  when  two 
such  are  necessary  the  integer  of  the  specific  gravity  is  2.*  The 
same  rider,  if  put  on  the  bar  at  the  figure  6,  gives  the  tenths 
figure  of  the  decimal,  and  the  next  smaller  rider,  if  placed  half- ' 
way  between  I  and  2  on  the  bar,  indicates  .oij4  or  .015.  The 
smallest  rider  when  used  is  to  be  read  in  thousandths.  These 
figures,  when  combined  in  succession,  give  2.615  ^s  the  specific 
gravity  of  the  liquid,  and  hence  that  also  of  the  properly  adjusted 
mineral  fragments. 


■  The  trelglits  aro  not  In  all  caaea  mode  to  dl&er  na  aiKive,  but  %  single 
targe  weight  may  oontaln  the  aame  na  two  or  three  at  the  large  onea,  and 
mnild  ttieretore  Indicate  the  Integer  2  or  Z;  and  other  Integer  weighta  are 
then  to  be  used  aa  rldem,  Indicating  tenths. 
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CHAPTER  III. 

APPLICATION    OF    POLARIZED    LIGHT    TO    CRYS- 
TALLINE SUBSTANCES. 

The  substances  with  which  microscopic  petrogra|Jhy  has  to  do  are 
divisible;  first,  as  already  stated,  into  isotropic  and  anisotropic. 
The  anisotropic  are  again  to  be  divided  into  uniaxial  and  biaxtal, 
t\tus -.Uniaxial  Minerals  include  those  of  the  tetragonal  and  hexa- 
gonal systems,  having  one  optic  axis  (p.  26). 

Biaxial  Minerals  include  those  of  the  orthorhombic,  monoclinic 
and  triclinic  systems,  having  two  optic  axes  (p.  32). 

It  is  necessary^to  ascertain  the  peculiarities  of  the  minerals  of 
each  of  the  crystal lographic  systems  as  they  are  manifested  In 
polarized  light.  For  this  it  will  be  well  that  the  beginner  now 
take  note  of  the  instrument  which  is  known  asthe 

Polarizing  Microscope,  illustrated  by  figure  54.  It  is  that 
of  Nachet,  Paris.  In  addition  to  the  parts  usual  to  a  common 
microscope,  this  instrument  has  the  following: 

I,  Two  nicol  prisms,  A  and  T,  as  already  stated,  (p.  15). 
For  some  special  examinations  a  third  nicol  capable  of  horizontal 
rotation  is  mounted  separately,  to  be  placed  over  the  ocular. 
The  nicol  A  in  this  microscope  is  not  revolvable,  but  is  lifted 
easily  from  its  place  when  not  wanted  {A').  The  polarizer 
(nicol  7"),  is  revolvable  on  its  axis.  In  ordinary  work  it  stands 
constantly  with  its  principal  section  (i.  e.  its  shorter  diameter) 
at  right  angles  with  the  principal  section  of  the  upper  nicol. 
This  position  should  be  such  that  when  thus  crossed  the  princi- 
pal sections  of  the  nicols  stand  true  with  the  microscope;  one 
nicol  (analyzer)  being  right  and  left,  and  the  other  (the  polar- 
izer) front  and  rear.  The  lower  nicol  can  also  be  raised  and 
lowered  readily  without  disturbing  its  centering,  and  can  be 
swung  away  entirely,  on  a  hinge  (7*).  When  a  thin  section  is 
examined  over  the  lower  nicol,  or  between  the  two  nicols  without 
the  convergent  lens  described  below,  it  is  said  to  be  done  in 
parallel  polarised  light. 
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2.    i,ens  for  convergent  polarized  light.    When  the  e 
tion    requires    convergent    polarised   light,    the   lower    nicol    is 


Pi*.  54.    PoluiiiDB  UiooKDpc  of  Nachci. 

covered  with  one  or  more  powerful  convergent  lenses,  which  are 
supported  on  a  special  brass  casting  and  can  be  readily  thrown 
out  from  the  axis  of  the  microscope  when  not  in  use.    By  means 
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of  the  ratchet  (C)  both  the  convergent  lens  and  the  lower  nicol 
can    be   lowered  or  raised  till  the  upper  surface  of  the  lens  is 


Pi(.54i.    Thi  Pucu  HicroKopc. 

nearly  or  quite  in  contact  with  the  glass  slide  holding  the  thin 
section  under  examination. 

3.     Rotation  of  the  stage.    The  stage  rotates  about  the  axis 
of  the  microscope,  carrying  with   it  also  the  objective.     Thus 
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the  centering  of  the  object,  under  examination,  is  not  disturbed ; 
and  it  can  be  brought  accurately  into  any  angular  position  with 
respect  to  the  vibrations  of  light  in  the  nicol  prisms,  (see  p.  47), 
The  rim  of  the  rotating  stage  has  a  scale,  and  a  vernier,  by  which 
the  amount  of  rotation  can  be  accurately  determined. 

4.  Cross  hairs  are  placed  in  the  ocular,  one  running  right 
and  left  and  the  other  front  and  rear,  precisely  at  right  angles, 
and  in  agreement  with  the  principal  sections  of  the  nicols  when 
crossed. 

The  objectives  used  for  the  most  work  are  Nos.  3  and  7 ;  the 
former  for  searching  out  an  object  and  for  making  the  prelim- 
inary examination,  and  the  latter  for  convergent  light  and  hig^ 
power. 

The  foregoing  are  the  essential  parts  of  the  petrograph-cal 
microscope,  so  far  as  it  differs  from  a  common  microscope.  For 
the  purpose  of  accurate  reading  or  registration  of  the  phenomena, 
or  for  special  methods  of  operation,  other  appliances  have  been 
devised.  These  appertain  principally  to  the  use  of  convergent 
polarised  light.  They  are  explained  and  illustrated  in  the  fol- 
lowing pages  in  connection  with  the  application  of  polarized 
light  to  the  minerals  of  the  different  crystal lographic  systems. 

In  use,  the  stage  of  the  microscope  is  supposed  to  be  divided 
into  quadrants  N  E.,  S  W.,  and  NW.,  S  E..  in  the  manner  of  a 
geographical  map. 

As  a  representative  of  other  microscopes  adapted  for  accurate 
work  in  optical  mineralogy  that  of  Fuess  is  illustrated  on  page  43. 

That  of  Leiss  is  preferred  especially  for  students'  use.  The 
American  microscope  of  Bausch  and  Lomb  ■  is  also  adapted  to 
students'  use. 

Laboratory  illuitraliont:  The  student  should  study  the  petrographical 
microscope,  becoming  familiar  with  the  characteristic  parts  and  its  appli- 
ances; the  lower  nicol,  the  upper  nicol,  objectives,  oculars  with  cross- 
hairs and  with  micromrter,  the  condenser,  the  fine  adjustment  Deter- 
mine the  amount  which  one  revolution  of  the  fine  adjustment  screw 
raises  the  objective.  Measure  the  thickness  of  a  piece  of  glass  by  focus- 
ing carefully  on  the  lower  edge  and  then  on  the  upper  edge.  Measure 
the  same  with  the  eye-piece  micromAer.  For  this  purpose  a  fragment 
may  be  set  on  edge  slightly  imbedded  in  wax  or  paraffin. 

THE  ISOMETRIC  SYSTEM  AND  POLARIZED  LIGHT. 
Perhaps  the  most  important  of  the  minerals  of  the  isometric  ■ 
system  which  appear  as  constituents  of  rocks,  are  magnetite  and 
pyrite,  and  these  are  opaque,  and  hence  must  be  examined  in 
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other  ways  than  by  polarized  light.  Others,  such  as  garnet, 
spinel,  fluorite,  leucite,  sodalite  are  transparent,  but  not  of  fre- 
quent occurrence. 

As  has  been  stated,  they  are  isotropic,  i.e.,  they  are  dark  in 
thin  section,  between  crossed  nicols,  and  remain  dark  during  an 
entire  rotation  of  the  stage  carrying  them  into  every  an^ar 
position  with  respect  to  the  vibrations  transmitted  from  the 
lower  nicol.  This  is  true  in  whatever  direction  the  thin  section 
may  be  cut.  They  have  no  interference  figure  (p.  50)  in  con- 
vergent light,  and  no  interference  colors  in  parallel  polarized 
light* 

Other  isotropic  substances  can  be  distinguished  from  those  of 
the  isometric  system  by  their  forms  or  by  the  absence  of  cleavi^ 
traces. 

An  anisotropic  crystal  cut  perpendicular  to  an  optic  axis  (p.  46) 
might  be  mistaken  for  an  isotropic  crystal.  Care  must  be  taken, 
therefore,  should  there  be  any  doubt,  to  make  a  trial  for  the  in- 
terference figure  (p.  50)  in  convergent  light. 

Laboratory  iUiulralions.  The  student  may  examine  thin  sections  of 
garnet,  fluoriie  or  leucite.  The  most  common^  rock-forming  minerals  of 
the  isometiic  system  arc  ma^etite  and  pyrite,  which  being  opaque,  can 
be  examined  microscopically  only  by  light  reflected  from  their  upper  sur- 
faces. 

UNIAXIAL   MINERALS. 

THE  TETRAOONAL  SYSTEM  AND  POLARIZED  LIGHT. 

This  system  includes  the  first  section  of  uniaxial  minerals,  of 
which  the  hexagonal  system  constitutes  the  other  section.  They 
are  called  uniaxial  because,  although  they  are  doubly  refracting 
(p.  15)  such  minerals  have  one  direction  in  which,  when  viewed 
in  thin  sections  between  crossed  nicols,  they  appear  as  isotropic 
substances.  This  direction  is  called  the  optic  axis,  or  the  princi- 
pal axis,  sometimes  the  primary  axis. 

THE  HEXAGONAL  SYSTEM  AND  POLARIZED  LIGHT. 

Minerals  of  the  hexagonal  system  have  the  same  phenomena 
in  polarized  light  as  those  of  the  tetragonal  system,  and  must 
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be  distinguished  from  them  by  their  cleavage  or  other  physical 
characters.  Of  the  uniaxial  minerals  the  hexagonal  are  more 
numerous  and  important  than  the  tetragonal. 

The  term  Optic  Axis  plays  an  important  role  in  microscopic 
petrography,  and  as  it  will  be  of  frequent  occurrence  in  connection 
with  the  discussion  of  the  other  crystallographic  systems,  it  will 
be  necessary  at  the  outset  to  have  definite  and  correct  ideas  con- 
cerning it.  It  should  not,  as  a  term,  be  confounded  with  axis  of 
ether  vibration  (p.  53),  nor  with  crystallographic  axis,  although 
they  sometimes  coincide.  Its  discussion  involves  several  optic 
phenomena  common  to  all  anisotropic  media  and  serves  as  an  in- 
troduction to  the  real  problems  of  petrography. 

The  student  must  keep  in  mind  the  principles  of  polarization 
of  light  as  given  in  Chapter  II. 

The  physical  molecules  of  a  uniaxial  crystal  are  arranged  sym- 
metrically about  the  vertical  axis  c;  when  a  ray  of  light  from 
the  lower  nicol,  having  its  vibrations  in  one  direction,  enters  a 
thin  section  of  a  uniaxial  crystal  perpendicular  to  its  surface 
in  the  direction  of  its  vertical  axis  c,  it  is  not  disturbed,  t>ecause 
round  about  the  vertical  axis  vibrations  can  take  place  with  equal 
ease  in  all  directions  perpendicular  to  it.  Such  a  polarized  extra- 
ordinary ray  (p.  13),  therefore  is  only  intercepted  by  the  upper 
nicol  so  as  to  produce  darkness  as  in  an  isotropic  body.  Hence, 
in  uniaxial  crystals  the  axis  c  coincides  with  the  optic  axis. 

If  a  ray  from  the  lower  nicol  enter  perpendicularly  a  thin 
section  of  a  uniaxial  crystal  in  any  other  direction  than  perpen- 
dicular or  parallel  with  c,  it  is  doubly  refracted  and  polarized, 
except  when  the  principal  optic  section  of  the  mineral  is  parallel 
tc  that  of  either  nicol,  its  two  parts  advancing  in  different  direc- 
tions with  different  rates,  the  extraordinary  ray  taking  an  oblique 
direction.  These  parts  vibrate  perpendicular  to  their  directions 
of  movement,  and  perpendicular  to  each  other;  one  of  them 
vibrates  in  a  plane  containing  the  incident  ray  and  the  optic  axis, 
(called  the  principal  optic  section),  and  is  distinguished  as  the 
extraordinary  <  ray.  The  other  vibrates  perpendicular  to  this 
plane,  and  is  known  as  the  ordinary  ray. 

On  emerging  from  the  section  the  extrordinary  ray  is  more 
or  less  advanced  than  the  ordinary.  The  essential  fact  is.  how- 
ever, that  on  reaching  the  upper  nicol  and  being  reduced  by  it 
to  a  uniform  direction,  the  vibrations  of  the  two  rays,  not  being 
equally  advanced,   interfere   with   each   other,   producing  color. 
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The  thin  section  therefore,  appears  colored  with  some  of  the 
tints  of  the  solar  spectrum,  or  with  some  of  their  combinations. 

The  kind  of  color  thus  produced  depends  on:  (i)  The  min- 
eral examined;  (z)  The  thickness  of  the  section  and  (3)  The 
direction  in  which  the  section  is  cut  with  respect  to  the  optic 
elements  of  the  crystal.  The  amount,  or  intensity,  of  color  de- 
pends on  the  ang'le  between  the  principal  optic  section  of  the 
mineral  and  the  principal  section  of  either  nicol,  being  greatest 
when  it  is  45°.  This  greatest  intensity,  or  brilliancy  occurs  at 
four  places  in  a  complete  revolution  of  the  section. 

The  color  is  least  when  this  angle  is  0° ;  i.e.,  when  the  optic 
axis  of  the  crystal  lies  in  the  principal  section  of  either  nicol, 
the  light  is  extinguished  and  the  section  is  nearly  or  quite  dark. 
These  points  of  darkness  are  called  positions  of  extinction. 

On  passing  through  a  petrographical  microscope  light  under- 
goes important  changes.  If  it  also  pass  through  a  mineral  sec- 
tion on  the  stage  it  is  doubly  polarized  three  times.  These 
changes  are  illustrated  by  the  vertical  section  and  plan  seen  in 
-fil^re  55.  After  reflection  from  the  mirror  M,  the  ray  of  li^t 
enters  the  lower  nicol  //,  where  it' is  doubly  refracted;  the  two 
resultant  rays  being  completely  polarized,  one  vibrating  (the  or- 
dinary— 0)  in  a  plane  normal  to  the  principal  optic  section 
(p.  46),  and  the  other  (extraordinary — E)  in  the  principal  sec- 
lion.  The  O  ray  vibrates  in  the  plane  AA'  of  the  plan,  and  the  E 
ray  in  the  plane  Pf .  The  ordinary  ray  has  such  a  high  index 
refraction  and  strikes  the  balsam  layer  uniting  the  nicol  at  such 
an  angle  as  to  suffer  total  reflection,  and  it  is  absorbed  at  IV  by 
the  black  walls  about  the  nicol ;  only  the  extraordinary  ray  passes 
through  the  nicol. 

When  this  ray  strikes  an  anisotropic  mineral  section  as  SS', 
not  cut  parallel  With  any  optic  elements,  at  any  position  other 
than  extinction  (p.  49),  it  is  again  divided  into  two  rays  which  may 
be  called  the  ordinary  (0')  and  the  extraordinary  (£')  rays  for 
this  mineral.  In  the  drawing  the  mineral  is  supposed  to  be 
uniaxial,  and  the  0  ray  is  not  refracted  since  the  incidence  is 
normal.  In  biaxial  crystals  both  rays  would  be  refracted  in  the 
general  case,  since  in  such  crystals  both  rays  have  the  character' 
of  extraordinary  rays.  After  entering  the  section  SS'  the  two 
rays  (0'  and  E')  are  vibrating  in  planes  at  right  angles  to  each 
other,  one  (£')  vibrating  in  the  principal  optic  section  of  the 
mineral-  Neither  plane,  however,  is  parallel  to  the  plane  of  vi- 
bration of  the  ray  as  it  left  the  lower  nicol,  since  the  section  is 
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not  at  a  position  of  extinction.  Then  in  the  plan,  if  DQ  repre- 
sent the  vibration  of  the  ray 
after  passing  the  polarizer  it 
will  be  divided  by  the  mineral 
section  into  two  rays  whose  vi- 
brations may  be  represented  by 
PQ  and  GQ,  if  the  vibration 
planes  of  the  mineral  are  in  the 
positions  BB'  and  CC.  These 
two  rays  will  pass  upward  to 
the  analyzer  RT  where  a  third 
division  will  produce  two  rays 
from  each  of  them.  If  GQ  rep- 
resent the  vibration  of  the  ordi- 
nary ray  (O')  of  the  mineral, 
HQ  will  be  the  vibration  of  the 
ordinary  ray  O"  produced  frtwn 
this  by  the  upper  nicol,  and  KQ 
that  of  the  extraordinary  ray 
(£").  Further,  the  extraordi- 
nary ray  (£')  of  the  mineral, 
whose  vibration  is  FQ,  will  be 
divided  in  the  upper  nicol  into 
an  ordinary  ray  (0"),  whose 
vibration  is  represented  by  NQ. 
and  an  extraordinary  ray  (£"), 
whose  vibration  is  indicated  by 
LQ.  Now  the  two  ordinary  rays 
(0"  and  0"')  will  suffer  total 
reflection  in  the  upper  nicol ; 
therefore  their  vibrations  HQ 
and  KQ  will  disappear.  But  the 
two  extraordinary  rays  (£'  and 
£'"),  whose  vibrations  are  repre- 
sented by  KQ  and  LQ  will  pass 
through  the  analyzer;  and,  since 
their  vibrations  are  in  the  same  plane,  they  will  interfere, 
as  they  are  derived  from  the  same  point  source  on  the  mirror 
and  therefore  have  a  fixed  phase  relation.  This  "interference"  is 
nothing  more  than  a  combination  of  the  two  rays,  and  occurs 
whenever  two  rays  have  vibrations  in  the  same  plane  and  come 
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from  the  same  point  source.  In  monochromatic  light,  this  inter- 
terference  will  produce  variation  of  intensity  of  the  light,  de- 
pending upon  the  difference  of  phase  of  the  two  rays.  If  the 
rays  have  no  difference  of  phase,  or  a  retardation  of  an  integral 
number  of  wave-lengths,  the  interference  will  double  the  ampli- 
tude and  quadruple  the  intensity.  If  the  rays  have  a  difference 
of  phase  of  one-half  wave-length,  or  any  uneven  multiple  dark- 
ness will  result.  In  ordinary  white  light,  since  the  different 
colors  constituting  the  light  have  different  wave-lengths  and  are 
unequally  refracted,  interference  will  reduce  the  intensity  of  some 
colors,  while  increasing  the  intensity  of  others^th  ere  fore,  inter- 
ference will  produce  colors  from  white  light.  The  color  produced 
will  depend  upon  the  difference  of  phase,  or  the  relative  retarda- 
tion, and  this  in  turn  depends  upon  the  birefringence  of  the  min- 
eral concerned,  upon  the  direction  in  which  the  section  is  cut  with 
respect  to  the  chief  optical  directions  of  the  mineral,  and  upon 
(he  thickness  of  the  section. 


DETERMINATION  OF  THE  DIRECTION   OF  EXTINCTION. 

This  quality  of  alternate  light  and  darkness  is  the  most  im- 
portant and  common  phenomenon  distinguishing  anisotropic 
media  from  isotropic. 

For  accurately  determining  the  positions  of  extinction,  several 
methods  have  been  devised.  If  the  observer  is  forced  to  depend 
(m  the  distinction  of  these  positions  by  direct  observation,  he  finds 
that  it  is  impossible  to  make  several  readings  exactly  alike.  The 
eye  cannot  distinguish  small  variations  in  the  brightness  of  light. 
Sometimes  numerous  readings  are  made  on  the  same  extinction, 
and  the  average  is  taken. 

Calcite  interference  figure.  This  method  substitutes  a  distinc- 
tion of  form  for  a  difference  of  light.  A  calcite  plate  cut  at  right 
angles  to  the  optic  axis,  or  two  such  cut  nearly  at  right  angles  to 
the  axis,  one  superposed  over  the  other,  give  striking  interference 
figures,  consisting  of  a  dark  cross  and  isochromatic  rings  as  ex- 
plained below.  If  such  a  section  be  inserted  between  the  nicols 
in  the  manner  that  the  Bertrand  lens  (p.  50)  is  inserted  at  U, 
figijre  54,  the  interference  figure  is  distorted  except  when  any 
axis  of  ether  vibration  of  the  mineral  (p.  53)  lies  in  the  plane 
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of  the  principal  section  of  one  of  the  nicols.  When  the  figure  is 
true  the  mineral  is  at  the  extinction  position. 

Quarts  sensitive  plate.  Another  method  of  determining  the 
point  of  extinction  depends  on  a  distinction  of  difference  of  color. 
A  thin  quartz  plate  is  cut  parallel  to  the  axis,  having  such  a 
thickness  that  it  shows  the  violet  color  of  Newton's  scale  (p.  57), 
when  put  between  crossed  nicols  in  such  a  position  that  its  axis 
stands  at  an  angle  of  45°  with  the  nicols.  This  plate  may  be 
mounted  and  inserted  at  U,  figure  54.  In  use,  the  field  of  the 
microscope  being  violet,  a  thin  section  of  the  mineral  under  ex- 
amination is  cautiously  placed  on  the  stage  and  drawn  into  the 
focus  so  as  not  to  occupy  the  whole  field.  Thjt  part  of  the  field 
which  is  occupied  is  differently  colored  from  the  rest.  On  rotaticm 
of  the  stage,  carrying  the  thin  section,  the  two  parts  of  the  field 
may  be  made  to  show  the  same  violet  color.  When  no  differ- 
ence exists  between  them  the  thin  section  is  at  the  extinction 
point.  This  is  because  the  axes  of  ether  vibration  of  the  nicols 
and  of  the  thin  section  are  in  the  same  position,  producing  no  in- 
terference. The  color  throughout  is  dependent  solely  on  the 
.  quartz  plate. 

Berirand  ocular.  This  apparatus  brings  the  contrast  of  color 
somewhat  more  effectively  before  the  eye,  and  has  the  advantage 
of  being  applicable  with  high  powers  to  small  fragments  of  a 
mineral.  Two  pairs  of  right  and  left  handed  quartz  are  cut 
perpendicular  to  the  axis,  ground  to  the  same  thickness  and  ce- 
mented together  in  alternate  order  so  that  their  edges  meet  at 
a  common  point,  at  right  angles.  This  compound  plate,  when 
set  in  the  ocular  with  its  cemented  edges  exactly  In  j^eement 
with  the  crossed  nicols,  (one  of  which  miist  be  above  the  ocular)* 
presents  but  one  tint  of  color.  If  a  thin  section  of  a  doubly  re- 
fracting mineral  be  put  on  the  stage  in  the  focus  of  the  micro- 
scope, the  quadrants  are  differently  colored,  (except  in  the  ex- 
tinction position),  in  regular  alternation,  the  opposite  quadrants 
being  similar.  On  rotating  the  thin  section  the  quadrants  be- 
come alike  when  the  point  of  extinction  is  reached.  The  axis  of 
ether  vibration  of  the  section  then  lies  in  the  principal  planes  of 
the  nicols. 

Interference  figure  in  convergent  light.  In  order  to  distin- 
guish a  uniaxial  crystal,  cut  at  right  angles  to  its  optic  axis, 

<'nt  muBt  use  the  ^1>«[^IaI   (third)   nicol,  whliA   Is  not 
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from  an  isotropic  crystal,  resort  is  had  to  its  "interference  figure,!' 
(figure  56)  in  convergent  polarized  light. 


Fi«.56.    UniuUI  Ficure. 

This  is  done  by  bringing  the  lens  for  producing  convergent 
light  close  lip  under  the  glass  plate  carrying  the  thin  section  and 
examining  the  section  with  a  high  power  objective.  After  focus- 
ing the  objective  the  ocular  is  removed  from  the  body  of  the 
microscope.  On  looking  into  the  top  of  the  tube,  the  nicols  be- 
ing crossed,  a  distinct  black  cross,  sometimes  with  colored  rings. 
is  seen  in  the  further  end  of  the  objective,  the  arms  of  which 
have  the  same  direction  as  the  sections  of  the  nicols.  On  rotat- 
ing the  crystal  on  the  stage  this  dark  cross  it  not  affected  if  the 
section  be  accurately  perpendicular  to  the  optic  axis.  If,  how- 
ever, it  be  somewhat  oblique  the  figure  will  move  about  the  cen- 
tre of  the  field.  If  it  be  still  further  oblique,  the  centre  of  the 
figure  may  be  outside  of  the  field  of  the  microscope  and  on  rota- 
tion only  its  dark  bars  can  be  seen  to  move  across  the  field.  It 
should  be  noted  here  that  these  dark  bars  are  continually  straight 
and  parallel  with  themselves. 

But  if  the  obliquity  of  the  section  be  so  great  that  the  centre 
of  the  interference  figure  is  thrown  outside  of  the  field  of  the 
microscope,  the  black  bars  begin  to  show  a  curvature,  increas- 
ing with  the  obliquity,  on  entering  and  on  leaving  the  field,  be- . 
coming  straight  only  when  they  cross  the  centre  of  the  field.  It 
should  again  be  noted,  in  order  to  distinguish  these  dark  curved 
bars  from  those  of  biaxial  crystals,  that  the  curvature  shifts 
from  one  direction  to  the  other  in  crossing  the  field,  and  that  it 
swings  about  the  ends  of  the  horizontal  or  vertical  diameter  of 
the  field.  This  fact  distinguishes  the  uniaxial  bars  from  the  dark 
bars  of  biaxial  crystals  which,  under  such  circumstances,  re- 
main always  curved  in  the  same  direction  in  passing  across  the 
field.  They  both  become  straight  when  the  plane  of  the  optic 
axis  lies  in  the  principal  section  of  either  nicol  (p.  46).* 

•  Stffl.  If  the  oUlquKy  ot  tlie  blajtln.1  cryBtsI  happen  to  be  In  a.  airecllon 
paroHeJ  to  the  opttc  plane,  the  dark  baf  will  present  an  appearance  similar 
to  that  of  the  oWlque  uniaxial  crystal. 
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.  If  the  section  be  so  oblique  that  it  is  nearly  or  quite  parallel 
to  c  the  black  cross  which  appears  breaks  up,  on  rotation  of  the 
stage,  into  hyperbolas  which  are  symmetrically  placed  with  re- 
spect to  the  optic  axis.  On  further  rotation  these  hyperbolas 
unite  to  form  a  dark  cross  again. 

If  the  black  cross  be  accompanied  by  colored  concentric  rings, 
they  are  produced  by  the  double  refraction  and  ultimate  inter- 
ference of  rays  from  the  circular  convergent  lens  (p.  42).  The 
appearance  of  colored  rings  depends  on  the  strength  and  quality 


9ig.  SI.    Kit  adTUidoc  parallel  to  Uic  TCttkal  axil. 
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of  the  double  refraction  of  the  mineral,  and  on  the  thickness  of 
the  plate. 

Axes  of  Ether  Vibration.  The  directions  in  which  ether 
vibrates  in  anisotropic  substances  with  the  greatest  and  the  least 
ease  are  the  greatest  and  least  axes  of  ether  ■vibration.  These 
axes  are  always  perpendicular  to  each  other. 

The  greatest  axis  of  ether  vibration  is  denoted  by  the  letter  X. 
This  is  equivalent  to  «p,  in  French  texts,  and  to  a  in  German. 
The  index  of  refraction  of  light  vibrating  in  this  direction  is  ex- 
pressed by  «p,  or  in  German  texts  by  a. 

The  least  axis  of  ether  vibration  is  denoted  by  Z,  or  in  French 
lexis  by  n„  and  in  German  texts  by  c ,  The  index  of  refraction 
of  light  vibrating  in  this  direction  is  expressed  by  »„  or  in  Ger- 
man texts  by  y. 

In  uniaxial  crystals  one  of  these  axes  always  coincides  with 
the  vertical  crystallographic  axis;  the  other  is  in  all  directions 
at  right  angles  to  this.  That  which  coincides  with  the  Vertical 
crystallographic  axis  may  be  the  greatest  or  the  least  axis  of  ether 
vibration,  according  to  the  mineral. 

The  student  must  not  conceive  of  these  as  lines  having  posi- 
tions, within  a  crystalline  substance,  but  as  directions.  Light  is 
prop^;ated  along  these  directions  in  ether  vibrations  respectively 
perpendicular  to  them. 

The  accompanying  figures  illustrate  the  directions  of  ether  vibra- 
tions in  uniaxial  crystals  for  rays  parallel,  perpendicular  and 
oblique  to  the  vertical  axis,  (figures  57,  58a,  58b,  58c,  58d  and 
58e). 

For  a  ray  advancing  parallel  with  the  vertical  axis  of  a  uniaxial 
crystal  as  in  cassiterite,  figure  57,  the  ether  vibrations  may  be 
perpendicular  to  its  direction  of  propagation  on  all  sides,  and  the 
ray  is  not  doubly  refracted,  nor  polarized. 

For  a  plane  wave  advancing  perpendicular  to  the  vertical  axis, 
while  there  is  no  refraction  the  E  ray  suffers  retardation  and  is 
polarized  at  right  angles  to  the  O  ray,  as  represented  in  figure 
S&.  This  figure  represents  cassiterite,  and  the  retardation  of 
the  E  ray  is  accurately  constructed.  It  is  one  tenth  of  the  distance 
traveled  when  passing  through  the  crystal  in  the  direction  shown. 
The  ether  vibrations  of  the  E  ray  are  in  a  plane  at  right  angles 
to  those  of  the  0  ray. 

For  a  plane  wave  advancing  obliquely  to  the  vertical  axis,  the 
£  ray  has  ether  vibrations  in  the  plane  of  the  ray  and  the  vertical 
axis,  and  the  0  ray  at  right  angles  to  tfiat  plane.    Figure  58b  also 
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represents  cassiterite.  The  retardation  of  the  E  ray,  when  passing 
through  the  crystal  in  the  direction  shown  is  four  hundredths  of 
the  distance  traveled,  and  is  accurately  constructed  in  the  figure. 
In  this  case  the  incident  ray  is  polarized  in  the  sa 


■nd  reluditioa  of  the  O  and  E  ny>. 

in  figure  58a,  but  the  0  ray  passes  straight  through  without  re- 
fraction, while  the  E  ray  is  refracted  and  its  direction  ahered 
while  in  the  section — but  the  direction  of  wave  propagation  is 
always  the  same. 

In  figures  57,  58a,  and  58b  the  incident  ray  is  normal  to  the 
crystal  surface.  In  figures  58c,  58d,  and  58e  the  incident  ray 
falls  obliquely  upon  the  crystal  surface.  In  these  more  general 
cases  we  have  typical  "double"  refraction,  since  with  oblique  in- 
cidence both  rays  are  refracted,  although  unequally.  In  figure 
580  the  incident  ray  strikes  a  surface  normal  to  the  vertical  axis  ; 
the  figure  shows  the  retardation  and  the  deviation  of  the  E  ray 
as  compared  with  the  0  ray  in  cassiterite. 

In  figure  sSd  the  incident  ray  impinges  obliquely  upon  a  sur- 
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face  parallel  with  the  vertical  axis,  and  here  also  the  retardation 
and   deviation  of  the  E  ray  are  shown.     In  figure  58e  the  most 


Fls.SSli.    Plut«wi*e  idTaDdnc  obtiaadT  ts  the  rertical  uilithraaRh  ■Dniaxiil  crraUI. 

general  case  is  illustrated,  since  the  incidence  is  inclined  upon 
a  crystal  surface  of  indefinite  position ;  the  retardation  and  devi- 
ation of  the  £  ray  are  illustrated  as  occurring  in  cassiterite. 

Kewton's  Color  Scale.  It  has  been  stated  (p.  46)  that  an- 
isotropic media,  in  thin  section  not  perpendicular  to  an  optic  axis, 
between  crossed  nicols  show  polarization  colors  except  at  ex- 
tinction positions.  These  colors  are  among  the  most  characteris- 
tic phenomena  of  such  minerals,  and  they  have  to  be  studied  with 
great  care  and  with  special  apparatus. 

In  order  to  have  a  standard  for  comparison  the  color  scale  of 
N^ewton  has  been  adopted.  This  consists  of  a  succession  of  in- 
terference tints  (see  plate  at  the  end  of  the  volume)  shading  in 
each  direction  into  each  other,  depending  on  the  varying  thick- 
ness of  a  refiacfing  mediufti.     The  same  succession  of  tints  is 
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produced  by  doubly  refracting  mineral  sections.  At  certain 
points  in  this  scale  fliC  colors  have  been  named,  making  about 
forty  distinguishable  tints  in  natural  light  (table).  Certain  col- 
ors recur  with  some  regularity,  and  they  all  fade  out  when  the 
section  is  either  very  thin  or  very  thick.  They  are  best  exhibited 
by  thin  sections  having  a  thickness  from  o.oi  mm  to  0.06  mm. 

The  Icnvest  colors  are  those  of  the  first  order  embracing  18 
distinguishable  colors.  The  next  14  colors  constitute  the  second 
order,  and  the  next  9  the  third.     In  the  fourth  order  the  colors 


Flc.58t. 
Doable  nfnctian,  poUifntian  uiil  reUrdatioD  for  obllqae  Inddencc  on  ■  pluw  noim*] 


blend  by  overlapping  of  the  interference,  and  gradually  approach 
white  light.    It  will  be  noticed  that  the  recurrence  of  the  violet 
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color  marks  the  limits  of  the  "orders."  This  color  is  often  used 
for  leference.  The  first  occurrence  of  violet  is  known  as  the 
"sensitive  tint"  (teinte  sensible)  No.  i.  The  second  is  sensitive 
tint   (teinte  sensible)  No.  2, 

In  making  comparisons  with  this  scale,  it  is  always  understood, 
unless  otherwise  mentioned,  that  the  colors  of  the  mineral  exam- 
ined are  the  highest  such  a  mineral  is  capable  of  producing,  viz: 
in  uniaxial  minerals  in  sections  cut  parallel  to  the  optic  axis,  and 
in  biaxial  minerals  in  sections  cut  parallel  to  the  axial  plane  in 
wliich  lie  the  greatest  and  least  axes  of  ether  vibration;  also  that 


mitact  panllel  to  the  optic  axit. 
these  colors  are  most  brilliant  when  the  extinction  positions  of  the 
mineral  section  are  at  45°  with  the  sections  of  the  nicols. 

From  what  has  been  said  it  will  be  evident  that  for  ordinary 
light,  and  a  known  thickness  of  a  thin  section,  the  highest  inter- 
ference color  will  depend  on  the  double  refraction  of  the  min- 
eral, which  is  a  constant  element;  i.  e.,  in  uniaxial  crystals  on 
the  difference  between  <a  and  <,  and  in  biaxial  crystals  on  the  dif- 
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ference  between  the  indices  of  X  and  Z,  or  n,  —  n„  (see  p.  64) ; 
and  since  the  thickness  of  the  thin  sections  ordinarily  used  may  be 
considered,  in  practice,  substantially  uniform,*  the  polarization 
color  becomes  at  once  a  guide  to  the  comparative  value  of  the 
indices  of  refraction  in  any  mineral. 

Quartz  Sensitive  Tint,  which  is  often  used  to  detect  exactly 
the  position  of  the  greatest  extinction  of  light,  (p.  49)   is  con- 


Pl8.!8<. 
Inclined  inddenn  on  a  iDrfiiw  of  indefinilc  pnitian  with  reipca  to  [he  optic  aiii. 

veniently  employed  in  comparison  with  colors  of  objects  exam- 
ined between  crossed  nicols.  It  consists  simply  of  a  plate  of 
quartz  cut  parallel  to  its  vertical  or  small  axis  (Z)  of  ether 
vibration  and  of  such  thickness  that  it  iiniformly  gives  the  first 
violet  color  of  Newton's  scale. 

Quartz-Wedge.     This  consists  of  a  similar  quartz  plate,  but 


•  Thin  aectl<^s  must  be  of  uniform  thickneae.  and  not  over  0.43  mm.  In 
ardor  to  be  lUnenaUe  to  ttre  deecrlptitniB  o<  this  «-ork.  Tha.t  Is  the  Mmlt 
Mt  by  the  French  petrographerB. 
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of  varying  thickness.  It  hence  gives  all  the  colors  of  Newton's 
scale,  ranging  from  the  grayish-blue  of  the  first  order  to  the 
sensitive  tint  No.  2,  between  the  second  and  third  orders  or  fur- 
ther. When  mounted  for  use  its  axis  should  stand  at  45°  with 
its  l<Hig  edge.* 

Since  it  is  impossible  to  make  a  quartz  wedge  whose  thin  edge 
reaches  an  ideal  vanishing  point  it  is  not  possible  to  compensate 
interference  colors  below  that  produced  by  a  difference  of  phase 
of  about  a  quarter  of  a  wave  length  with  an  ordinary  quartz 
wedge.  But  Wright  **  has  devised  a  combination  wedge  which 
overcomes  this  difficulty.  This  instrument  consists  of  a  plate  of 
gypsum  of  uniform  thickness  upon  which  a  wedge  of  quartz  (or 
gypsum)  is  placed  in  such  a  position  that  the  faster  ray  in  the 
gypsum  is  the  slower  ray  in  the  quartz.  The  gypsum  plate  is 
made  of  such  thickness  that  its  effect  is  completely  compensated 
by  that  of  the  wedge  at  the  middle  of  the  latter.  At  tfiis  place 
therefore,  the  wedge  produces  darkness  between  crossed  nicols; 
if  the  wedge  be  moved  in  either  direction  the  colors  rise  grad- 
ually from  this  zero  effect  to  the  third  order.  If  this  wedge  be 
superposed  over  a  mineral  section  the  colors  will  rise  as  it  is 
moved  in  one  direction  from  the  center  and  fall  as  it  is  moved 
the  other  way. 

Determination  of  the  order  of  color  produced  by  inter- 
ference. With  the  quartz  wedge  the  rank  of  an  interference 
color  is  determined.  Suppose  a  thin  section  shows  red,  when 
its  extinction  direction  is  at  45°  with  the  nicols.  As  red  occurs 
in  Newton's  scale  at  three  points,  it  will  be  difiicult,  in  many 
instances,  to  decide  to  which  order  the  color  belongs.  In  order 
to  determine  its  rank  the  thin  section  should  be  placed,  between 
crossed  nicols,  at  an  angle  of  45'  from  extinction.  It  must  now 
be  ascertained  :n  which  direction  in  the  section  the  smaller 
axis  of  ether  vibration  lies.  If  the  quartz  wedge  be  inserted 
with  its  axes  parallel  to  those  of  the  section,  the  color  of  the 
thin  section  will  either  rise  or  fall  in  the  scale  of  Newton;  i.  e., 
it  will  ascend  from  the  first  order  upward,  or  vice  versa.  If 
the  color  of  the  section,  on  pulling  the  wedge  into  the  slot,  rise 

*  It  should  be  notcM  that  some  quartz  plaitee  of  tiensltlve  tint,  and  some 
quartz  iredKea.  are  not  made  In  the  manner  above  deacribed  with  an  arrow 
indicating  the  axis  at  IE*  with  their  [onger  edge;  but  tnva  their  axes  paral- 
lel with  their  ionKsr  aidee. 
••  F.   E.  Wright.  T.  U.  P.  St.  Vol.  XX.    1901.    p.    !T5.    Jmir.    Oeol.    Vol.    X. 
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successively  from  one  color  to  the  other,  such  change  indicates 
that  the  greater  axis  of  the  thin  plate  is  parallel  with  the  same 
of  the  quartz  wedge,  and  the  wedge  must  be  withdrawn  and  in- 
serted again  with  its  axis  at  90'  from  its  former  position.  This 
is  done  simply  by  turning  the  wedge  over  before  insertion.  In 
this  case  the  colors  wjll  fall,  and  the  smaller  axis  of  ether  vibra- 
tion of  the  section  is  parallel  with  the  greater  axis  of  the  quartz 
wedge.  Having  thus  determined  the  position  of  the  smaller  axis 
of  ether  vibration  of  the  section,  the  quartz  wedge  should  again 
be  inserted  gradually  in  such  a  manner  that  the  greater  axis  of 
one  is  parallel  to  the  smaller  of  the  other.  The  colors  then 
successively  descend  in  the  scale  as  thicker  parts  of  the  wedge 
come  over  the  plate,  until  a  point  is  reached,  called  the  compen- 
sation poiftt,  where  the  acceleration  of  one  of  the  rays  of  the 
plate  corresponds  exactly  to  the  retardation  of  the  same  in  the 
quartz  wedge,  and  the  plate  becomes  gray  or  dark.  If  the  two 
plates  could,  in  this  position,  be  viewed  separately  between 
crossed  nicols,  they  would  be  found  to  possess  the  same  colora- 
tion and  the  same  luminous  intensity  if  equally  transparent.  Let 
the  section  now  be  withdrawn  entirely,  and  as  the  quartz  wedge 
is  then  slowly  withdrawn  in  reverse  order  to  that  in  which  it 
was  inserted,  the  colors  can  be  counted  as  they  succeed  each  other 
to  the  thin  edge,  giving  the  order  of  the  original  red  of  the  sec- 
tion. 

Me/\surf,M£kt  of  double  refkaction  :  It  sometimes  becomes 
necessary  to  make  more  precise  distinctions.  For  this  purpose 
a  special  apparatus  (comparator)  has  been  devised  by  Michel 
Levy.  It  is  adapted  for  use  with  the  microscope  of  Nachet,  and 
may  be  adjusted  to  any  microscope.  This  instrument  is  illus- 
trated below  by  figure  59.  Its  purpose  is,  in  brief,  to  compare 
the  double  refraction  of  any  mineral,  when  placed  on  the  stage 
of  the  microscope  between  crossed  nicols,  with  that  of  a  known 
mineral.    For  this  standard  quartz  is  chosen. 

The  instrument  consists  of  a  small  mirror,  A,  from  which  a 
ray  is  sent  by  reficclion  from  B.  through  the  small  horizontal 
tube  which  contains  crossed  nicol  prisms  (situated  at  C  and  C) 
into  the  ocular  G  which  is  inserted  in  the  microscope  in  the  usual 
manner.  This  ray  passes  through  the  quartz  wedge  F,  which 
ranges  through  the  colors  of  the  first  and  second  orders  and  up 
to  the  green  in  the  third  order,  and  which  can  be  made  to  stand 
at  an  angle  of  45°  with  its  crossed  nicols,  and  also  to  move  slowly 
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by  the  thumb-screw  E,  bringing  its  various  thicknesses  before 
the  small  aperture,  which  admits  the  ray  to  the  nicol  C  This 
movement  is  registered  at  the  vernier  D.  At  H  the  ray  passes 
through  a  small  lens  having  a  long  radius.     In  the  line  of  its 


Tig.    G9.     Michel    lAvy'a    Comparator,  * 

course  in  the  ocuiar  C  it  meets  another  reflector  which  sends  it 
upward  to  the  eye.  It  is  evident  that  it  shows  the  color  that  may 
be  produced  by  the  small  quartz  wedge.  The  reflector  in  G  has 
a  small  aperture  so  situated  that  the  colored  light  from  a  thin 
section  placed  on  the  stage  between  crossed  nicols  comes  into 
contrast  with  that  from  the  comparator. 

In  order  to  use  this  comparator,  it  is  first  necessary  to  ascer- 
tain the  constant  of  the  quartz  wedge,  F,  that  is  to  say,  the  value 
of  one  of  the  smallest  divisions  of  the  scale  /),  including  its  ver- 
nier, in  the  units  of  Newton's  scale.  This  is  done  by  taking  the 
readings  of  the  comparator  scale  when  its  quartz  wedge  (F) 
stands  successively  at  the  two  sensitive  iitils.  Suppose,  for  in- 
stance, these  two  readings  are  345  and  707,  the  difference  is  362. 
In  the  table  of  Newton's  color  scale  these  positions  have  the  read- 
ings 575  and  1128;  hence. 

One  division  of  the  scale,  or 

707-355  ^ 

This  value  expresses  the  ratio  between  the  units  of  the  quartz 
comparator  and  those  of  the  scale  of  Newton.  This  value  Is  not 
noticeable  in  the  change  of  color  for  one  unit,  but  is  applicable 
between  the  distinguishable  tints. 

In  making  use  of  this  co-efficient,  let  a  mineral  thin  section 
of  the  proper  thickness  which  gives  some  one  of  the  colors  of 
Newton's  scale  be  placed  on  the  stage  of  the  microscope.  With 
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the  quartz  wedge  of  the  comparator  at  45°  with  its  -tiicols,  let 
the  color  of  the  mineral  be  brought  to  agreement  with  that  ol 
the  comparator  by  means  of  the  milled  screwhead  E.  Suppose 
the  reading  of  the  vernier  (D)  then  is  749;  its  product  by  the 
co-efficient  above  gives  the  amount  of  retardation  of  the  speci- 
men, or  1142.974,  approximately  1143  millionths  of  a  millimetre 
which,  by  the  table,  is  about  that  of  epidote,  pectolite,  gilbertite 
and  talc. 

Measurement  of  the  thickness  of  the  section.  But  this 
result  is  dependent  on  the  thickness  of  the  section,  represented 
by  e,  and  has  no  value  until  that  element  can  be  measured  or 
eliminated.  The  most  direct  method  of  measuring  the  thin  sec- 
tion is  with  the  fine  adjustment  of  the  microscope;  which  is 
made  to  focus  the  objective  (with  some  high  power)  first  on  a 
dust  particle  on  the  upper  part  of  the  thin  section,  lying  in  the 
Canada  balsam,  and  then  on  another  on  the  other  side.  The  dif- 
ference in  position  of  these  focal  points  is  read  from  the  grad- 
uated screwhead  of  the  fine  adjustment.  It  is  well  to  make  sev- 
eral trials,  taking  their  average.  In  the  Nachet  microscopes  the 
complete  revolution  of  the  milled  head  amounts  to  one-fourth 
of  a  millimetre,  that  being  the  tread  of  the  screw  of  the  fine  ad- 
justment. The  graduation  on  the  rim  divides  this  into  hun- 
dredths, and  the  vernier  again  divides  these  into  fifths,  rendcr- 


The  approximation,  however,  owing  to  variation  in  the  thickness 
of  sections  in  different  places  and  to  difficulties  in  the  focusing 
of  the  common  objective  with  white  light,  rarely  reaches  closer 

than  millimetre. 

200 

The  errors  are  best  eliminated  by  using  ocular  No.  3  with  im- 
mersion objective  No.  7,  and  a  strong  light  sifted  through  a 
dark-red  glass.  One  then  can  observe  the  brilliant  diffraction 
circles  which  appear  about  the  dust  particles  when  above  or 
below  their  focal  points. 

Suppose  the  section,  whose  retardation  has  been  found  above 
to  be  T  142.974,  has  a  thickness  of  0.03  mm.  This  value  may  be 
freed  from  the  element,  (e),  the  thickness  of  the  section,  by  labo- 
rious methods,  or  by  reference  to  the  fable  of  double  refractiwi 
prepared  by  Michel  Levy,  in  which  the  results  of  numerous  cal- 
culations are  graphically  expressed  in  a  condensed  form.  The 
figure  which  we  have  obtained  would  fall  near  1151,  at  the  top 
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of  the  colored  plate,  which  is  the  amount  of  retardation  for  the 
color  indigo  in  the  third  order  (p.  57),  and  applies  to  any  mineral 
giving  this  color  having  a  thickness  of  0.06  mm.  Its  double 
refraction  is  expressed  at  the  top  of  the  color  scale  in  a  line  di- 
rectly belov?  the  figures  1151,  and  amounts  to  about  0.0192.  For 
the  secfion  selected,  wliich  is  0.03  mm  in  thickness,  the  double 
refraction  (w,  —  »p)  is  found  by  tracing  the  oblique  line  which, 
at  a  point  directly  below,  intersects  the  horizontal  line  corres- 
ponding to  the  thickness  ol  0.03  mm  upward  toward  the  right 
to  the  top  of  the  color  scale,  where  it  coincides  with  the  value  of 
0.038,  which  is  the  figure  sought,  i.  e.,  »,  —  »b- 

This  method  is  applicable  to  both  uniaxial  and  biaxial  min- 
erals, since  double  refraction  in  biaxial  minerals  depends  upon 
the  difference  in  velocity  of  the  rays  vibrating  parallel  to  the 
least  and  greatest  axes  of  ether  vibration. 

The  table  of  double  refraction  above  referred  to  is  otherwise 
also  very  useful.  The  oblique  lines  cut  the  horizontal  lines  in 
those  points  which  correspond  to  the  various  values  of  eX  {X  = 
"t  —  *h)  for  each  thickness  of  ^  plate  from  o.O  mm.  to  0.06  mm. 
This  gives  immediately  a  ready  differential  character  by  means 
of  which  at  a  glance  some  of  the  minerals,  common  in  rocks, 
can  be  distinguished  from  each  other  by  their  polarization  colors, 
when  their  other  optic  properties  are  nearly  identical.  Thus,  in 
a  section  of  zircon,  thickness  of  0.92  mm.  the  maximum  color, 
is  greenish-blue  of  the  third  order.  Rutile,  on  the  contrary,  does 
not  afTord  chromatic  polarization  at  this  thickness,  but  appears 
the  same  as  in  natural  light.  Enstatite  and  hypersthene  have 
double  refraction  which  is  about  half  that  of  augite  and  horn- 
blende. Zoisite  and  epidote,  blue  corundum  and  blue  tourmaline 
are  distinguished  in  the  same  way. 

This  table  is  useful,  also  as  a  means  of  determining  what 
color  a  given  mineral  of  a  given  thickness  would  present  be- 
tween crossed  nicols  when  cut  in  thin  section  parallel  to  its  optic 
plane. 

TTie  table  adjoined,  showing  the  succession  of  colors  of  New- 
ton's scale,  contains  also  a  column  of  figures,  calculated  from  the 
table  of  Michel  Levy,  intended  to  show  the  amount  of  retarda- 
tion for  a  thickness  of  0.03  mm,  this  being  the  thickness  of  thin 
sections  when  properly  made.  It  is  evident  that  if  there  be  no 
irregularitiei  in  the  section,  the  amount  of  retardation  for  any 
thickness  of  the  minerals  named,  either  greater  or  less  than  0.03 
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mm,  can  be  computed  from  the  figures  in  this  cdumn,  since  they 
are  directly  proportional  to  the  thickness  of  the  plate. 

The  bertrand  I-ens  is  a  device  for  magnifying  the  inter- 
ference figure  when  it  is  indistinct,  or  when  it  is  desired,  as  in 
the  case  of  biaxial  crvstals,  to  measure  the  angle  of  the  optic 
axes  (p.  73),  or  to  make  a  drawing  of  it.  It  is  a  small  lens  and 
serves,  with  the  ocular  in  position,  as  an  objective  of  low  power 
to  greatly  increase  the  size  and  distinctness  of  the  interference 
figure.  It  is  inserted  ai  U,  figure  54,  the  lower  end  of  the  main 
tube  of  the  microscope.  It  is  focused  on  the  interference  figure 
by  the  rachct  at  the  upper  end  of  the  tube.    (See  also  p.  42). 

The  principal  optic  section  of  a  uniaxial  mineral  is  that 
plane  which  passes  through  the  incident  ray  and  the  optic  axis; 
and  to  it  the  ether  vibrations  of  the  ordinary  ray  are  perpendicu- 
lar, and  those  of  the  extraordinary  ray  parallel. 

In  uniaxial  crystals  the  optic  axis  and  one  axis  of  ether  vibra- 
tion coincide,  (compare  p.  46). 

Sections  of  uniaxial  crystals  parallel  to  the  vertical 
AXIS  show  in  convergent  white  light,  colored  curves  of  a  form 
similar  to  that  of  the  isochromatic  curves  of  biaxial  crystals 
(p.  72).  In  some  cases  only  dark  bars  are  seen  which  recede  as 
hyperbolas  on  rotation  and  again  unite  to  form  a  dark  cross 
(p.  SI)- 

Laboratory  illustrations:  The  student  should  make  numerous  trials  of 
all  the  methods  detailed  above.  Thin  sections  of  tourmaline  or  of  olivine 
are  useful  to  familiarize  him  with  the  use  of  the  color  scale  of  Newton. 
He  should  note  the  differences  between  the  colors  of  these  minerals  and 
those  of  calcile.  He  should  compare  them  also  with  the  colors  of  the 
quartz  plates. 

DETERMINATION  OF  THE  SIGN  IN  UNIAXIAL  MINERALS. 

This  consists  in  determining  the  relative  values  of  o>  and  t, 
which  are  the  symbols  used  to  represent  the  indices  of  refraction 
of  the  ordinary  and  extraordinary  rays  respectively,  in  uniaxial 
crystals,  for  light  traveling  perpendicular  to  the  vertical  axis. 
<o  may  be  greater  or  less  than  t,  as  the  vertical  axis  c  may  be 
greater  or  less  than  the  horizontal  axes.  If  the  vertical  axis  is 
the  direction  of  the  greatest  axis  of  ether  vibration,  the  crystal 
is  said  to  be  negative,  or  to  >  e;  i.  e.,  the  extraordinary  ray  is 
less  refracted  than  the  ordinary,  and  advances  with  greater  veloc- 
ity. Optically  positive  uniaxial  crystals  are  those  in  which  <o  <  <. 

The  greater  the  velocity  the  less  the  refraction  and  the  smaller 
the  index'  of  refraction. 
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The  ether  vibrations  of  the  ordinary  ray  are  perpendicular  to 
the  primary  axis,  and  those  of  the  extraordinary  are  parallel  to  it. 

The  problem  ccmsists  in  comparing  the  velocity  in  the  two 
directions  within  the  thin  section,  with  the  known  velocities  of 
another  mineral.  It  is  to  be  remembered  that  the  aggregate  re- 
fraction of  a  thin  section  depends  also  on  the  thickness  of  the 
plate  ihrou|^  which  the  refracted  light  passes.  Hence  the  ele- 
ments of  the  problem  are  all  in  hand  and  it  only  remains  to  make 
the  practical  application.  It  may  be  accomplished  in  several 
ways: 

I.  By  the  qwo'tz  of  sensitive  tint  in  parallel  polarized  light. 
This  quartz  plate  has  been  defined  on  page  58.  As  usually 
mounted,  the  plate  Hes  between  two  glass  strips  of  convenient 
size,  with  its  long  edge  parallel  with  the  long  edges  of  the  glass 
strips.  The  direction  of  its  crystallogra^rfiic  axis,  which  is  also 
the  optic  axis  and  corresponds  with  the  direction  of  least  velocity 
(i.  e.  with  Z),  is  inclined  45°  with  the  sides  of  the  plate,  as  shown 
by  the  arrow  engraved  on  the  glass.  By  simply  turning  over 
the  plate,  its  axis  is  brought  into  a  position  at  right  angles  to 
its  former  positicai ;  i.  e.,  the  arrow  is  changed  from  pointing  NW 
to  SW  or  vice  versa. 

It  is  first  necessary  to  determine  the  position  of  the  axes 
of  ether  vibration  iq-'the  mineral  thin  section,  i.  e.,  the  posi- 
tions at  which,  on  i-otation  between  crossed  nicols,  extinction 
takes  place  (p.  49),  and  then  to  rotate  the  stage  carrying  the 
section  to  a  position  of  45',  from  these  extinctions.  The  sec- 
tion then-  gives  its  brightest  interference  color,  and  the  difference 
of  phase  shows  its  maximum  effect.  The  quartz  plate  is  then 
introfluced  between  the  nicols  in  such  a  position  that  the  dfrec- 
tion  of  the  axis  (Z)  is  45*  with  their  principal  sections.  The 
change  of  color  produced  by  this  interposition  depends  on  wheth- 
er the  two  axes  which  lie  in  the  same  direction  are  the  same  in 
the  thin  section  and  in  the  quartz  plate.  If  they  ti^fcther  show 
a  color  higher  than  the  sensitive  tint  of  the  quartz  plate,  (i.  e., 
first  violet  of  Newton's  scale),  the  axis  of  ether  vibration  which 
is  in  agreement  with  the  axis  Z  of  the  quartz  plate,  is  the  same 
as  that  of  the  quartz  plate ;  viz.,  Z,  and  the  axis  which  is  normal 
to  this  in  each  is  that  of  the  axis  X.  If,  however,  the  resultant 
color  be  lower  than  that  of  the  quartz  plate,  then  the  axis  of 
ether  vibration  in  agreement  with  the  least  axis  of  ether  vibra- 
tion of  the  quartz  plate  is  the  greater  axis  of  ether  vibration  of 
the  mineral.    The  former  result  is  in  consequence  of  an  increase 
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of  the  retardation  due  to  the  retardation  of  the  same  ray  in  both 
plates  when  in  parallel  position,  and  the  latter  to  the  lessening  of 
the  retardation  by  the  superpositicm  of  a  non-agreeing  quartz 
plate. 

When  the  color  rises  in  sections  whose  double  refraction  color 
does  not  exceed  yellow  of  the  first  order,  there  is  apparent  a  ten- 
dency to  change  from  the  sensitive  tint  toward  the  yellow  of  the 
second  order  through  green,  and  when  it  falls  there  is  a  tendency 
to  pass  toward  yellow  of  the  first  order  through  red.  Sections 
whose  interference  color  is  higher  than  yellow  of  the  first  order, 
should  be  examined  by  the  quarter-undulation  mica-plate,  as  be- 
low. This  method  is  preferable,  therefore,  only  with  minerals 
whose  maximum  double  refraction  does  not  exceed  two-thirds 
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of  a  wave-length;  e.  g.,  the  twin  lamellae  of  feldspars,  sec- 
tions of  quartz,  chalcedony,  cordierite  and  feldspsthic  spherulitic 
growths. 

To  apply  this  method  to  the  determination  of  the  sign  it  is 
to  be  observed  that  uniaxial  minerals  are  positive  when  Z  coin- 
cides with  the  optic  axis  and  negative  when  X  forms  the  optic 
axis.  Now  the  optic  axis  is  parallel  with  the  vertical  crystal- 
lographic  axis ;  therefore,  whenever  the  crystal  form  permits  the 
determination  in  the  section  of  the  position  of  the  vertical  axis 
the  sign  can  be  obtained  by  determining  whether  this  direction 
is  Z  or  X.  For  the  determination  of  the  sign  by  this  method  the 
section  must  be  approximately  parallel  with  the  vertical  axis, 
and  the  crystal  outline  must  be  distinct.  But  by  the  use  of  con- 
vergent light,  the  determination  may  be  possible  without  the 
crystal  outline.  (See  6,  below). 

2.  By  the  quartz  wedge  in  parallel  polarised  light.  The 
use  of  the  quartz  wedge  (p.  58)  is  governed  by  the  same  prin- 
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ciples  as  the  use  of  the  quartz  of  sensitive  tint,  and  is  already  de- 
scribed on  page  65 .  It  is  to  be  inserted  in  the  same  manner  and 
under  the  same  conditions.  Its  various  colors  are  raised  or 
lowered  in  the  color  scale  of  Kewton  precisely  as  in  the  use  of 
the  quartz  of  s-insitive  tint,  and  the  changes  indicate  the  same. 

3.  With  the  quarter-utidulation  mica-plate  in  parallel  polarised 
light.  This  is  simply  a  cleavage  leaf  of  muscovite  of  such  thick- 
ness as  to  produce  a  retardation  of  a  quarter  of  a  wave-length, 
i.  e.,  about  two  of  the  larger  vertical  divisions  of  the  colored  plate 
of  Michel  Levy.  It  is  mounted  in  the  same  way  (figure  60), 
and  an  arrow  shows  the  direction  of  the  least  axis  of  ether  vi- 
bration (Z)  at  45°  with  the  long  sides  of  the  plate. 

The  principle  is  the  same  as  that  of  the  use  of  the  quartz 
plates  above,  i.  e.,  when  the  coinciding  axes  of  the  mica-plate  and 


Pig.  60.    Quuter-andulitloa  Uio  Plate. 

of  the  mineral  are  the  same  (Z),  the  double  refraction  is  in- 
creased in  proportion  to  the  resultant  thickness  of  the  two  plates 
and  the  color  of  the  section  rises  through  two  of  the  larger,  ver- 
tical divisions  of  the  scale  of  Newton,  as  represented  by  Michel 
Levy.  If  they  are  not  the  same  the  color  falls  the  same  amount. 
It  should  be  noticed  that  with  the  quartz  plates  the  point  of  de- 
parture is  the  color  of  the  quartz,  but  with  the  mica-plate  the 
comparison  is  made  with  the  color  of  the  section  examined. 

The  mica-plate  is  useful  with  sections  that  give  a  retardation 
of  more  than  a  third  of  a  wave-length;  that  is  to  say, .those  that 
exceed  the  white  of  the  first  order  of  Is'ewton's  scale.  Its  use 
is  hence  supplementary  to  that  gf  the  quartz  of  sensitive  tint. 

All  the  foregoing  processes  in  parallel  polarized  light  fail  in  a 
case,  fortunately  very  rare,  where  the  section  studied  is  extremely 
doubly  refracting,  and  falls  in  the  upper  grays  of  the  fourth  or- 
der. In  order  to  determine  the  sign  of  such  a  substance,  it  is 
necessary  to  resort  to  processes  dependent  on  convergent  light.* 

Still  the  quartz  wedge  can  be  used  to  good  advantage  in  parallel 
light  when  the  interference  color  of  the  section  examined,  is  not 
higher  than  the  colors  given  on  the  color  plate  of  Michel  Levy, 
especially  when  not  higher  than  the  fourth  order.     In  this  case. 
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when  the  axis  (Z)  of  the  wedge  is  parallel  with  the  smaller  axis 
of  ether  vibration  in  the  section  the  colors  will  rise  as  the  wedge 
is  pushed  forward,  through  higher  orders,  but  will  be  almost  in- 
distinguishable; when  these  axes  are  at  right  angles  to  each 
other  the  cdors  will  fall  as  the  wedge  moves  forward,  until  they 
come  to  those  which  can  easily  be  distinguished  (colors  of  the 
third  or  even  of  the  second  order), 

4.  With  the  quart er-undtdation  mica-plate  in  convergent 
hght  (p.  67).  The  examination  is  made  on  the  interference 
figure  which  is  produced  in  sections  perpendicular  to  the 
optic  axis  (figure  56).  When  the  mica-plate  (figure  60),  is 
introduced  in  the  usual  manner,  say  with  its  axis  NE  and  SW, 
the  dark  cross  of  the  interference  figure  is  destroyed,  and  in  its 
place  is  seen  a  dim  white  cross:  at  the  same  time  two  dark  spots 
appear  in  opposite  quadrants.  If  the  line  uniting  these  dark 
spots  be  parallel  with  the  direction  of  the  arrow  of  the  mica- 
plate  (NE  and  SW),  the  mineral  is  optically  negative  (p.  64). 
If  it  form  a  cross  with  the 
*  direction  of  the  arrow  (i.  e., 

the  sign  plus),  it  is  optically 
positive.  The  colored  rings 
of  the  interference  figure,  if 
present,  are  disjointed  at  four 
places,  and  divided  into  four 
quadrants,  two  of  which  are 
further  removed  from  the  cen- 
tre than  the  other  two,  giving 
an  appearance  of  elongation 
in  a  direction  parallel  to  the 
line  uniting  the  dark  spots, 
while  the  other  two  quadrants 
are  brought  nearer  the  centre,  as  shown  in  figure  61, 

These  changes  in  the  rings  are  caused  by  the  change  in  the 
relative  phase  of  the  vibrations  as  they  pass  the  mica-plate.  The 
original  symmetry  of  the  interference  figure  is  due  to  the  sym- 
metry of  structure  of  the  crystal  about  the  vertical  axis,  which 
requires  the  interference  of  vibrations  of  like  phase  to  fall  at 
points  equally  distant  round  about  the  axis,  producing  the  col- 
ored rings.  The  two  axes  of  ether  vibration  which  are  in  the 
mica-plate  act  upon  their  corresponding  quadrants,  either  in- 
creasing the  refraction  or  diminishing  it,  and  throwing  the  colors 
in  directions   at  right  angles. 
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In  those  quadrants  where  the  colors  are  moved  further  from 
the  centre  of  the  figure,  the  black  spots  appear.  In  these  quad- 
rants the  effect  of  the  mica-plate  is  to  counteract  (instead  of  in- 
crease) the  effect  of  the  mineral  plate  upon  the  light.  Therefore, 
at  the  points  in  these  quadrants  where  the  effect  of  the  mineral 
plate  would  be  to  retard  one  of  the  rays  of  light  one  quarter  of 
a  wave-length  behind  the  other,  producing  a  grayish-white  color, 
the  mica-plate  which  retards  the  other  ray  a  quarter  of  a  wave- 
length, counteracts  this  effect  and  produces  dark  spots. 

5.  WitA  the  quarts  of  sensitive  tint  in  convergent  light.  When 
the  interference  figure  is  much  expanded  as  from  a  thin  section 
of  a  mineral  of  low  birefringence  the  dark  spots  may  be  wholly 
outside  the  field.  In  this  case  a  quartz  plate  may  be  inserted; 
two  opposite  quadrants  will  then  be  colored  yellow  and  the  other 
two  blue.  The  yellow  quadrants  may  be  used  in  the  same  man- 
ner as  the  dark  spots, 

6.  With  the  sensitive  tint,  mica  plate,  or  quarts  wedge  in  con- 
vergent light.  When  the  section  is  parallel  with  the  optic  axis 
the  interference  figure  is  not  a  simple  black  cross,  but  is  very 
similar  to  a  biaxial  interference  figure  in  a  section  n<MinaI  to  an 
obtuse  bisectrix.  (See  page  71).  In  such  an  interference  figure 
the  hyperbolas  always  leave  the  field  in  those  quadrants  in  which 
the  optic  axis  lies.  Since  these  hyperbolas  are  always  somewhat 
vague  and  move  quickly  across  the  field  careful  observation  is 
necessary.  When  the  field  of  the  interference  figure  shows  col- 
ors another  fact  may  be  of  assistance.  The  interference  colors 
for  points  in  the  quadrants  containing  the  optic  axis  are  lower 
than  for  corresponding  points  in  the  other  quadrants.  When  the 
position  of  the  optic  axis  is  once  determined  the  sign  can  be 
obtained  by  any  one  of  the  methods  described  above  for  parallel 
pc^rized  light. 

Uniaxial  Minerals  are  positive  when  the  index  of  refraction  of 
ordinary  ray  (0)  is  less  than  that  of  the  extraordinary  ray  (£)  ; 
and  they  are  negative  when  it  is  greater.  For  lig^t  perpendicu- 
lar to  the  optic  axis  the  undulations  of  the  ordinary  ray  (0)  are 
transverse  to  that  axis,  and  those  of  the  extraordinary  ray  (£) 
are  parallel  to  it. 
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BIAXIAL  MINERALS. 
THE  ORTHORHOMBIC  SYSTEM   AND   POLARIZED   LIGHT. 

Biaxial  minerals  derive  their  name  from  the  fact  that  they 
have  two  optic  axes  (p.  45).  Light  passing  through  the  crystal 
in  the  dircittion  of  either  one  of  these  axes  produces  ether  vibra- 
tions with  equal  ease  in  any  direction  perpendicular  to  its  line 
of  propagation.  Such  light,  therefore,  suffers  no  double  refrac- 
tion. Sections  cui  perpendicular  to  these  directions  remain  dark 
between  crossed  nicols  during  a  complete  revolution. 

The  optic  axes  of  biaxial  minerals  never  coincide  in  position 
with  any  of  the  crysta II o graphic  axes ;  but  in  orthorhombic  crys- 
tals they  always  lie  in  a  plane  containing  two  of  these  axes. 

Orthorhombic  minerals  have  three  axes  of  ether  vibrations 
(p.  53),  parallel  to  the  crystallographic  axes,  but  the  position  of 
the  optic  axes  varies  with  the  mineral. 

The  greatest  and  least  axes  of  ether  vibration  have  already 
been  defined  (p.  53). 

In  biaxial  minerals  there  is  also  a  mean  axis  of  ether  vibration 
This  is  denoted  by  Y,  or  in  French  texts  by  m^,  and  in  German 
by  b.  The  index  of  refraction  of  light  propagated  in  this  direc- 
tion is  expressed  by  «„,  or  in  German  by  p.  This  axis  is  known 
also  as  the  optic  normal. 

The  direction  of  X  may  be  the  p 
same  as  that  of  tr  or  a  or  b,  the 
directions  of  Y  and  Z  varying 
accordingly;  depending  on  the 
habit  of  the  mineral  considered; 
the  only  invariable  relation  be- 
ing that  of  standing  at  right  an- 
gles to  each  other,  parallel  to  the 
crystallographic  axes.  ^  

Let  figure    62    represent  the         1  ' -wfJ'    ^ ~ _      —\Zo 

three  planes  of  crystallographic 
symmetry  of  an  orthorhombic 
crystal  (p.  32),  in  its  conven- 
tional position,  (p.  19,  fig.  7) 
with  c>b.  These  planes  contain 
the  crystallographic  axes  a,  b,  c. 
In  the  figure  the  characters  X,  Y. 
Z  indicate  the  directions  of  the 
greatest,  mean  and  least  axes  of 
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ether  vibration  respectively.  These  axes  of  ether  vibration  are 
perpendicular  to  the  direction  of  propagation.  Light  which 
travels  parallel  to  X  is  said  to  vibrate  in  the  plane  which  contains 
Y  and  Z.  That  propagated  parallel  to  Z  vibrates  in  the  directions 
X  and  Y,  etc. 

When  light  falls  obliquely  upon  a  surface  of  a  crystal  section 
in  a  direction  oblique  to  X  or  to  Z  it  is  divided  into  two  parts 
by  double  refraction,  one  part  advancing  in  a  different  direction 
from  the  other  part,  the  two  vibrating  at  right  angles  to  each 
other  as  in  uniaxial  crystals  (p.  54). 

Optic  axial  plane.  That  plane  which  contains  the  greatest 
and  least  axes  of  ether  vibration  (X  and  Z)  also  contains  the 
two  optic  axes  and  hence  is  called  the  *opAc  axial  plane,  or  the 
opiic  plane.  This  plane,  as  represented  in  figure  62,  also  obviously 
contains  the  crystallographic  axes  b  and  c. 

Bisectrices.  The  optic  axes  cross  each  other  at  the  point  of 
intersection  of  the  optic  plane  with  the  other  planes  of  symmetry ; 
i.  e.,  at  0  in  figure  62,  making  equal  angles  on  opposite  sides  of 
the  axes  X  and  Z.  Hence  X  and  Z  are  called  bisectrices.  The 
optic  axes  may  be  in  the  positions  of  the  lines  ee,  e'e,  in  which 
the  angle  e  O  e'  has  any  size  less  than  90°  or  may  have  the  position 
t'  e",  e"  e'"  in  which  the  angle e"  0  e"  is  any  angle  less  than  90'. 

When  X  bisects  the  acute  angle  of  the  optic  axes  it  is  the  acwte 
bisectrix.  When  2  bisects  it,  Z  is  the  acute  bisectrix.  When  one 
or  the  other  bisects  the  obtuse  angle,  it  is  called  the  obtuse  bisec- 
trix. 

A  Biaxial  crystal  is  optically  positive  when  Z  is  the  acute 
bisectrix,  and  negative  when  X  is  the  acute  bisectrix. 

Thin  sectiwis  of  biaxial  minerals  perpendicular  either  to  an 
acute  bisectrix  or  an  optic  axis,  viewed  in  parallel  polarized  light, 
show  lower  interference  colors  than  others  of  the  same  mineral, 
even  to  darkness,  and  those  perpendicular  to  the  latter  do  not 
greatly  change  on  rotation  between  crossed  nicols.  This  circum- 
stance frequently  renders  it  possible  to  distinguish  them  when 
cut  in  the  same  rock  section  with  many  others  of  the  same  min- 
eral at  differing  angles,  without  resort  to  convergent  light. 

Relative  interference  colors  of  definite  sections.  The 
interference  colors  in  sections  of  biaxial  minerals  which  are 
normal  to  the  optical  elements  grade  downward  in  the  following 
order : — 
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1.  Optic  normal 

2.  Obtuse  bisectrix 

3.  Acute  bisectrix 

4.  Optic  axis 

These  sections  exhibit,   for  any   given   mineral   the   greatest 
possible  range  of  interference  colors. 

The  optjc  axis  in  convergent  light.  The  interference 
figure  of  a  single  optic  axis  of  a  biaxial  mineral,  formed  by  con- 
vergent pcrfarized  light,-  is  different  from-  that  of  the  optic  axis 
of  uniaxial  minerals  (p.  51).  It  consists,  when  complete,  of  con- 
centric colored  curves  crossed  by  a  sii^le  dark  bar.  In  many 
cases,  however,  only  the  dark  bar  is  observable.  This  bar  when 
straight  shows  the  direction  of  the  optic  plane  with  which  it  is 
parallel.  On  rotation  it  is  slightly  bent,  forming  the  apex  of  a 
hyperbola  whose  convexity  is  turned  toward  the  acute  bisectrix. 
On  further  rotation  it  becomes  straight  again  when  the  plane  of 
the  optic  axes  is  parallel  with  the  principal 
section  of  either  nicol,     (See  figure  63). 

The  bisectrix  in  convergent  ught, 
INTERFERENCE  FIGURE.    When  the  sccHon 
is  perpendicular  to  a  bisectrix,  and  the  optic   1 
angle  is  not  too  great,  both  optic  axes  ap- 
pear in  the  interference  figure,  the  bisectrix 
being  in  the  centre  of  the  field  between  them.     The  appearance 
then  is  shown  by  figure  64.     Here  a  dark  cross  appears  in  the 
centre  of  the  field.    Its  arms  vary  in  size.    That  line  which  passes 


rig.  a. 
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through  the  optic  axes  is  less  broad  than  that  which  passes  be- 
tween them,  and  its  extremities  widen  out  in  the  margin  of  the 
field.  The  bisectrix  is  at  the  point  where  these  bars  cross.  The 
trace  of  the  optic  plane  is  the  line  which  passes  through  the  loci 
of  the  optic  axes  and  the  bisectrix. 
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On  rotation  of  the  thin  section  in  convet^ent  lig^ht  this  inter- 
ference figure  rotates  at»d  undergoes  important  transformations.* 
The  dark  bars  separate  into  two  hjrperbolas  whose  summits  re- 
cede from  each  other  toward  the  margin  of  the  field,  and  beyond 
it  if  the  optic  axes  are  not  in  view.  They  bend  through  the 
colored  curves  surrounding  the  optic  axes,  and  become  a  straight 
bar  again  when  the  plane  of  the  optic  axes  is'  in  agreement  with 
eidier  nicol.  The  hyperbolic  summits  are  at  their  most  distant 
positions  after  a  rotation  of  45°,  as  in  figure  65.  At  the  same  time 
the  colors  in  the  lemniscates  revtrfve,  without  change  of  shape, 
about  the  bisectrix. 


n«.  tt.    L«nii*>  AxU]  Goolometci. 


*  The  re&dlest  way  to  obaarva  the  Interferenc*  fl^ura  of  biaxial  mlnerala. 
Is  to  take  »  thin  muacovlte  pUM,  which,  without  further  prepAretton,  wUl 
(how,  between  croaaed  nicols,  in  convarsent  light  a  perfect  flfture,  with 
both  optic  axee  In  the  field. 
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Measurement  of  the  optic  angle.  The  size  of  the  optic 
angle  is  an  important  optica]  character  for  the  determination  of 
biaxial  minerals.  When  it  is  very  large  it  cannot  be  measured 
directly  hy  the  microscope,  but  when  it  is  so  small  that  both  of 
the  axes  appear  within  the  field  of  the  microscope  in  convergent 
light,  it  can  be  measured  readily.  If  the  object  be  immersed  in  a 
strongly  refracting  liquid,  by  a  drop  placed  on  the  converging 
lens  and  another  below  the  objective,  both  optic  axes  may  some- 
times be  brought  into  view.  For  this  purpose  iodide  of  methylene 
is  useful. 

The  conventional  symbol  for  the  optic  angle  is  2V.  When  it  is 
measured  in  air  it  has  an  apparent  angle  which  is  denoted  by  2E. 
It  is  represented  by  2H  when  measured  in  oil.  and  by  2/  meas- 
ured in  methylene  iodide  (Brauns'  solution  p.  38). 

Figure  66  represents  an  apparatus  devised  by  Lacroix  for 
measuring  the  optic  angle  in  air.  It  can  be  used  on  any  micro- 
scope of  Nachet,  and  can  be  adjusted  to  other  microscopes.  It 
is  inserted  in  the  upper  end  of  the  body  of  the  microscope  in  the 
place  of  the  ocular.  It  contains  a  Bertrand  lens  at  D  (p.  64) 
for  magnifying  the  interference  figure,  but  if  the  microscope  have 
one  already  fitted  to  the  lower  end  of  the  upper  tube,  it  is  better 
to  remove  the  lower  part,  of  this  instrument,  and  with  it  the  Ber- 
trand lens,  in  order  to  increa-se  the  delicacy  of  the  measurement 
by  enlarging  the  figure.  When  thus  separated  the  lower  lens  F, 
of  the  detached  eye-piece,  should  be  screwed  into  the  lower  end 
of  the  remaining  eye-piece  of  the  goniometer.  Thus  adjusted 
it  is  to  be  used  in  conjunction  with  the  Bertrand  lens  placed  at 
U,  figure  55. 

When  the  interference  figure  is  perfect,  and  the  axial  gonio- 


meter  in  positicMi,  the  revolution  of  the  graduated  wheel  B,  which 
is  independent  of  that  of  A,  will  serve  to  bring  one  of  the  movable 
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threads  into  the  central  point  of  one  of  the  optic  axes.  Then  by 
the  proper  rotation  of  A,  which  also  carries  the  graduated  rim 
B,  this  thread  can  be  made  to  move  slowly  across  the  field  and  to 
occupy  a  similar  position  over  the  other  optic  axis.  The  number 
of  revolutions,  and  parts  of  revolutions,  can  be  read  by  ccmipari- 
son  with  the  zero  point  of  the  vernier  scale  at  E. 

Example  for  the  Measurement  of  the  Optic  Angle. 

In  figure  67  let  0  be  the  point  of  crossing  of  the  optic  axes 
in  the  thin  section  of  a  biaxial  mineral  AB.  Let  2V  represent 
the  acute  axial  angle,  and  2£  the  same  angle  in  air.  The  angle 
COD  is  one-half  of  2E,  or  E.  The  distance  between  C  and  D 
is  the  sinii. 

It  is  evident  that  the  value  wanted  is  the  distance  2  sin  £.  Sup- 
pose that  on  trial  with  a  thin  section  of  muscovite  it  is  found  that 
the  distance  2  sin  £  is  divided,  by  the  revolution  of  the  graduated 
rim  S,  {figure  66),  into  1430  parts.  As  these  parts  have  no 
known  value  it  is  necessary  to  compare  them  with  a  standard. 
Such  a  standard  is  found  in  a  mineral  whose  optic  angle  has 
been  previously  determined  by  other  means.  For  instance,  if 
the  optic  angle  2£  in  another  specimen  of  muscovite  is  known 
to  be  71°,  then  £  =  35°  30'. 

Let  the  unknown  distance  between  the  optic  axes  in  this  mus- 
covite be  represented  by  2d,  and  let  the  unknown  ratio  between 
the  units  in  the  number  1430  and  those  in  2d  be  represented  by  M 

Then 

M  sm£ 

On  measuring  2d  in  this  muscovite  it  may  be  found  to  be  1525. 

Hence,  M  =  -J^^—,. 
sin  35°  30' 

Log  M  =  log  762.5— Ic^  sin  35°  30' ;  log  M  =  312085. 
Therefore,  in  the  original  specimen 

log  sin  £  =  log  715—3.12085  =  T.73346 
£  =  32' 46' 31" 
2£  =  65'  33'  2' 
The  optic  angle  in  muscovite  may  vary  30°. 
In  making  such  measurements  it  is  necessary  to  use  always 
the  same  objective,  and  to  emploj-  the  same  constant  (M)  ascer- 
tained for  the  microscope  in  use,  which  may  be  kept  in  its  loga- 
rithmic form.    As  the  apparent  size  of  the  interference  figure  de- 
pends on  the  position  of  the  Bertrand  lens,  it  is  necessary  to 
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have  the  value  of  M  for  several  'positions  of  that  lens.  Hence, 
it  is  convenient  to  make  a  small  scale  on  the  body  of  the  tube 
(as 'at  S.  figure  54)  by  means  of  which  the  lens  may  be  fixed  in 
the  same  positions  as  when  M  was  established  as  the  standard 
of  comparison.  M  thus  will  have  a  value  for  *ach  position.  This 
method  is  applicable  to  the  optic  angle  in  the  other  crystallo- 
graphic  systems. 

When  2£  is  known  the  value  of  '2V  can  be  calculated  from 
the  itiean  index  of  refraction  by  means  of  the  relation  sin  £  ^ 
Ha  sin  v. 

Laboratory  illutiratioMS :  The  student  should  get  a  correct  idea  of  the 
optic  plane  and  of  the  elements  that  determine  its  position;  vinr  the  optic 
axes  and  the  bisectrices.  He  should  study  thin  sections  of  muscovite,  2nd 
of  other  minerals  cut  perpendicular  to  a  bisectrix,  and  should  mioasure, 
by  the  use  of  the  lacroix  axial  goniometer,  the  optic  angle  in  air,  of  oae 
or  more  minerals ;  and  then  11 


DETERMINATION  OF  THE  OPTICAL  SIGN  IN  BIAXIAL 
MINERALS. 

A  biaxial  mineral  is  positive  or  negative  according  to  whether 
the  acute  bisectrix  is  Z  or  X.  Thus,  in  figure  62,  if  the  optic 
angle  e  o  e'  h&  acute  and  contain  the  bisectrix  X,  the  crystal  is 
negative.  If  the  acute  optic  angle  e"  o /"  be  so  situated  as 
to  contain  the  bisectrix  Z  the  crystal  is  positive  (p.  71).  There- 
fore the  determination  of  the  optical  sign  of  a  biaxial  mineral 
requires  not  only  the  distinction  of  the  acute  from  the  obtuse 
bisectrix,  but  also  the  distinction  of  X  from  Z  (as  of  O  from  E 
in  uniaxial  crystals). 

Distinction  between  the  acute  and  obtuse  bisectrices.  The  dis- 
tinction between  the  acute  and  the  obtuse  bisectrices  is  sometimes 
very  simple,  and  at  other  times  more  difficult-  Whenever  the 
optic  angle  is  so  small  that  both  optic  axes,  or  even  one  optic 
axis  and  the  bisectrix,  remain  in  the  field  during  a  complete  revo- 
lution the  section  is  perpendicular  to  the  acute  bisectrix.  But 
when  the  optic  angle  is  larger  it  is  generally  necessary  to  find 
sections  perpendicular  respectively  to  X  and  to  Z  (and  there- 
fore to  the  two  bisectrices),  and  make  comparisons  between  them. 
As  stated  on  page  71  the  section  perpendicular  to  the  acute  bisec- 
trix will  show  a  lower  interference  color  than  that  perpendicular 
to  the  obtuse  bisectrix,  provided  the  sections  are  of  equal  thick- 
ness.   Furthermore,  the  angle  of  rotation  between  the  position  of 
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the  black  cross  and  the  position  where  the  summits  of  the  hyper- 
bolas are  tangent  to  the  sdgt  of  the  field  can  be  measured,  and 
this  angle  .for  a  given  mineral  is  larger  in  a  section  perpendicular 
to  the  acute  bisectrix  than  in  one  normal  to  the  obtuse  bisectrix. 
If  the  angle  is  more  than  30'  or  35°  the  section  is  normal  to  the 
acute  bisectrix;  if  it  is  less  than  15°  or  20',  it  is  perpendicular 
to  the  obtuse  bisectrix  (or  to  the  optic  normal).  Finally,  if  an 
immersion  objective  of  large  angle  is  available  the  (^tic  angle 
can  be  measured  by  the  method  described  on  page  75 ;  the  acute 
angle  is  of  course  always  less  than  90°. 

Distinction  between  the  axes  X  and  Z.  It  is  to  be  remembered 
that  «,  >  »B  >  %  to  which  the  axes  Z,  Y,  X,  correspond  respec- 
tively. The  problem  consists  in  comparing  the  velocity  in  the  di- 
rection of  the  axis  to  be  determined  with  that  in  the  direction  of  a 
known  velocity  in  another  mineral.  It  is  also  to  be  remembered 
that  the  interference  color  depends  not  alone  on  the  mineral 
studied  but  also  on  the  thickness  of  the  section  (p.  55).  When 
it  is  further  remembered  that  the  relative  retardation  is  indicated 
by  the  relative  positions  of  the  colors  produced  in  the  scale  of 
Newton,  the  apparatus  used  with  uniaxial  minerals  (p.  65)  can 
be  applied  to  the  solution  of  the  problem.  It  is  accomplished  in 
several  ways: 

I.  With  the  quartz  of  sensitive  tint  in  parallel  polar- 
ized LIGHT  (p.  65).  The  process  is  similar  to  that  with  uniaxial 
minerals.  It  is  necessary  that  the  section  examined  be  parallel 
to  the  axial  plane;  f.  e.,  perpendicular  to  the  optic  normal  (Y). 
The  axes  of  ether  vibration  in  the  quartz  plate  are  to  be  con- 
sidered Z,  in  the  direction  of  the  arrow,  and  X  perpendicular  to 
it  When,  on  superposition  of  the  quartz  plate  so  that  its  axis 
Z  coincides  with  an  axis  of  the  mineral  in  the  thin  section, 
both  being  at  45°  with  the  nicols,  the  resultant  color  is  higher 
than  the  sensitive  tint  of  the  quartz,  the  axes  in  agreement  are  the 
same;  i.  e.,  they  are  both  Z,  When  the  color  falls  below  the 
sensitive  tint  the  mineral  contains  X  in  agreement  with  Z  in  the 
quartz  plate.  This  determines  the  positions  of  the  two  axes  and 
if  Z  lie  in  the  acute  optic  angle  the  mineral  is  positive. 

To  determine  in. which  quadrants  the  acute  bisectrix  lies  for 
a  given  position  of  the  stage  recourse  is  had  to  the  interference 
figure  in  convergent  light.  This  interference  figure  resembles 
that  given  by  a  section  normal  to  an  obtuse  bisectrix,  but  is  less 
distinct,  and  hyperbolas  may  be  visible  in  all  four  quadrants  if 
the  optic  angle  is  large.     But  in  all  cases  (except  the  limiting 
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case  2)^  =  90°)  the  hyperbolas  leave  the  field*  more  slowly  in 
those  quadrants  in  which  the  acute  bisectrix  lies  than  in  those 
containing  the  obtuse  bisectrix.  If  only  two  hyperbolas  are  ob- 
served they  are  in  the  quadrants  containing  the  acute  bisectrix. 
Furthermore,  the  interference  colors  for  points  in  the  quadrants 
containing  the  acute  bisectrix  are  lower  than  those  for  corres- 
ponding points  in  the  other  quadrants. 

The  quarter-undulation  mica-plate  can  be  used  in  the  same 
manner  as  with  uniaxial  minerals  to  determine  the  directi(»is  of 
the  axes  X  ^nd  Z,  the  section  being  perpendicular  to  the  optic 
normal. 

2.  In  convergent  light  with  the  interference  figure. 
If  the  thir.  section  be  perpendicular  to  one  of  the  bisectrices,  the 
other  bisectrix  is  in  the  thin  section  itself  along  with  the  optic 
normal  Y.  It  is  to  be  determined  whether  Z  or  X  is  thus  asso- 
ciated with  Y  in  the  section.  The  process  is  similar  to  the  fore- 
going; the  section  is  brought  into  such  position  that  the  optic 
plane  (p.  72)  stands  45°  from  tfie  principal  sections  of  the  nicols, 
and  the  quartz  plate  is  interposed  between  the  nicols  with  its  axis 
Z  parallel  with  the  optic  plane  of  the  mineral.  If  the  color  rise 
above  that  of  the  quartz  plate,  Z  is  in  the  section  with  Y,  and  X 
is  perpendicular  and  between  the  optic  axes.  If  the  color  fall  X 
is  in  the  section  with  Y,  and  Z  is  perpendicular  and  between  the 
optic  axes.  In  both  of  these  cases,  if  the  axis  X  is  in  the  acute  optic 
angle,  the  crystal  is  negative ;  and  if  Z  is  in  the  acute  optic  angle, 
it  is  positive.  (See  fig.  68.)  The  same  colors  and  changes  are 
sometimes  more  perceptible  when  viewed  through  the  ocular. 


»  Optkal  Sign. 

3.  By  the  quartz  wedge  in  convergent  light.  The  thin 
section  must  be  perpendicular  to  the  acute  bisectrix,  showing  an 
interference  figure.    This  figure  is  brought  into  the  diagrmal  posi- 
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•  F.  E.  -Wright.  Am.  Jour.  Be.  Vol,  XX.  1905.  p.   285. 
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lion  with  respect  to  the  nicols,  and  the  quartz  wedge  is  interposed, 
with  its  thin  edge  in  advance,  in  such  a  way  that  the  direction  of 
the  arrow  agrees  with  that  of  a  line  passing  through  the  optic 
axes  of  the  interference  figure.  If  the  crystal  he  positive,  as  the 
thicker  parts  of  the  wedge  are  successively  interposed  the  colors 
of  the  interference  figure  evolve  from  the  (^tic  axial  spots, 
widen  out  and  move  toward  the  centre  where  they  spread  into 
the  outer  colored  margins  that  surround  the  whole  figure.  If 
the  crystal  be  negative,  the  movement  of  the  colors  is  from  the 
centre  of  the  figure  toward  the  axial  spots. 

4.  With  the  quabtef-undulation  mica-plate  in  conver- 
gent LIGHT,  (p.  67).  This  plate  is  perpendicular  to  the  negative 
bisectrix  X.  It  contains  therefore,  Z  and  Y ;  and  the  direction 
of  Z  is  necessarily  coincident  with  the  trace  of  the  plane  of  the 
optic  axes  whkh  always  contains  the  greatest  and  least  indices. 
The  arrow  indicates  the  direction  of  Z,  at  45°  frtmi  the  sides  of 
the  plate  (figure  60). 

When  a  biaxial  thin  section  perpendicular  to  a  bisectrix  is  ex- 
amined with  the  mica-plate  inserted  in  the  usual  way,  whatever 
the  position  of  the  thin  section,  there  is,  with  a  negative  mineral 
I  p.  76)  an  apparent  lengthening  of  the  interference  figure  in 
the  direction  of  the  arrow  on  the  mica-plate.  It  is  best  observed 
when  the  optic  plane  is  parallel  with  one  nicol.  In  this  case  the 
dark  spots  will  appear  in  the  quadrants  through  which  the  arrow 
passes,  the  line  connecting  them  forming  an  angle  less  than  45° 
with  the  arrow.  The  reverse  takes  place  with  a  positive  mineral, 
viz.,  there  is  a  shortening  in  the  direction  of  the  arrow,  and  the 
Ibe  connecting  the  dark  spots  forms  an  angle  greater  than  45° 
with  the  arrow.  Thus,  the  line  connecting  the  dark  spots  forms 
an  approximate  minus  or  plus  sign  with  the  arrow,  as  in  uniaxial 
minerals.  Another  method  has  been  given  lately  by  Iddings;  i.  e., 
with  the  qua  Iter- undulation  mica-plate  in  sections  perpendicular 
to  an  optic  axis.  The  section  is  to  be  placed  with  its  optic  axial 
plane  at  45°  with  the  nicols ;  the  hyperbola  will  then  be  convex 
toward  the  acute  bisectrix.  If  the  mica-plate  be  inserted  with  its 
axis  parallel  with  the  optic  plane  of  the  mineral,  the  hyperbola  will 
move  toward  the  obtuse  bisectrix  when  the  mineral  is  negative, 
and  toward  the  acute  bisectrix  when  the  mineral  is  positive. 

This  method  is  well  adapted  for  application  to  biaxial  minerals 
of  weak  birefringence,  for  example,  the  feldspars.  With  min- 
erals of  stronger  birefringence  it  may  be  seen  that  the  apparent 
motion  of  the  hyperbola  upon  the  insertion  of  the  mica  plate  is 
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due  to  its  disappearance  and  the  formation  of  a  black  dot  on  the 
side  toward  which  it  seems  to  move.  Therefore,  for  such  cases 
the  rule  can  be  stated  better  as  follows :  the  mineral  is  positive 
when  the  black  dot  appears  on  the  convex  side  of  the  hyperbcJa 
upon  insertion  of  the  mica  plate  with  its  axis  parallel  with  the 
optic  plane  of  the  mineral.  Wri^t*  has  shown  that  if  the  sensi- 
tive tint  plate  be  inserted  in  this  case  with  its  axis  parallel  with 
the  optic  plane  of  the  mineral,  the  latter  is  positive  if  a  blue  spot 
appears  on  the  concave  side  of  the  hyperbola,  and  n^ative  if  the 
blue  spot  appears  on  the  convex  side. 

EN  RE8UHE  OF  THE  OPTICAL  SIGN. 

The  principles  of  the  "optical  sign"  in  uniaxial  and  biaxial  min- 
erals may  be  graphically  represented  as  below :  figures  69,  70,  71, 
and  72.  * 


pMltiTC  Uidujil  tUnenl.  N^idre  Unluial  Hfncna. 

For  uniaxud  minerals.  When  the  extraordinary  ray  is  at- 
Iracted  toward  the  normal  after  passing  the  plane  of  incidence, 
more  than  the  ordinary  ray,  the  mineral  is  attractive  or  positive, 
or  + ;  e  >  w,  as  in  zircon  or  quartz. 

In  this  case  Z  coincides  with  the  optic  axis :  light  vibrating  in 
this  direction  is  necessarily  the  E  ray,  for  which,  in  this  case,  the 
index  of  refraction  is  the  greater  one,  n,;  the  extraordinary  ray 
travels  more  slowly  than  the  ordinary  ray. 

When  the  extraordinary  ray  is  less  attracted  toward  the  normal 
than  the  ordinary  ray,  or  is  repulsed,  as  it  were,  the  mineral  is 
negative,  or  — ;  e  <  «>,  as  in  calcite. 

•  F.  B.  Wriglit.  Atn.  /Mir,  So.  Vol.  XX.  HOS.  p.   185. 
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In  this  case  X  coincides  with  the  optic  axis:  for  the  E  ray, 
vibrating  in  this  direction,  the  index  refraction  is  the  least  n,; 
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the  extraordinary  ray  moves  more  rapidly  than  the  ordinary. 

For  biaxial  minert^.    When  Z  is  the  acute  bisectrix  it  is  called 
positive,  and  the  mineral  is  also  positive,  or  +,  as  augite. 

When  X  is  the  acute  bisectrix  it  is  called  negative,  and  the  min- 
eral is  also  negative,  as  muscovite. 


DISPERSION  OP  THE  AXES  IN  THE  ORTHORHOHBIC 
SYSTEM. 

It  has  been  stated  that  in  convei^nt  light  the  colors  of  the  in- 
terference figures  are  caused  by  the  difference  of  phase  of  differ- 
ent rays  brought  together  by  the  analyzer  so  as  to  interfere 
(p.  46).  The  manner  of  distribution  of  these  colors  is  character- 
istically different  for  the  different  crystallographic  systems  of  bi- 
axial minerals.  The  rays  that  emerge  after  the  interference  are 
distributed  about  the  optic  axes,  which  are  represented  by  the  two 
centra]  points  in  the  systems  of  rings  in  the  interference  figure. 
The  phenomena  of  the  relative  positions  of  the  red  and  violet  rays 
are  caused  by  the  dispersion  of  the  optic  axes.  Sometimes  the  red 
rays  have  the  greater  optic  angle  and  sometimes  the  violet  rays. 
These  relations  are  expressed  respectively  hy  p>  v  and  p  <  v. 

Rhoubic  dispersion.  In  the  orthorhotnbic  system  these  colors 
are  symmetrically  placed  with  respect  to  the  bisectrix,  and  on 
rotation  of  the  section  ti^ey  symmetrically  follow  the  summits  of 
the  hyperbolas.  They  are  best  examined  when  the  section  is  either 
in  the  normal,  or  in  the  diagonal  position  (45*). 

Neglecting  all  other  colors  the  attention  is  directed  to  the  red 
and  the  vialet  rings  which  surround  the  loci  of  the  optic  axes 
when  the  interference  fig^ure  is  in  the  normal  position.  Of  these 
the  innermost  ring  is  noted,  whether  it  be  red  or  violet.    If  the 


C.u:,..J.AjOI>^Ic 


82  OPTICAL  MINERALOGY. 

ring  be  not  entirely  of  one  color,  either  red  or  violet,  it  is  to  be 
noted  which  color  occupies  that  portion  of  it  which  is  nearest  the 
point  of  emergence  of  the  bisectrix.  If  the  innermost  ring',  or  that 
portion  of  it  nearest  the  bisectrix  be  red,  then  p  <v.  If  it  be 
violet,  then  p  >  f. 

When,  in  the  normal  position,  the  dark  cross  obscures  the  col- 
ors, the  examination  will  be  made  in  the  oblique  position.  In 
that  position  it  is  to  be  noted  which  color  lies  nearest  the  dark 
hyperbola  on  the  concave  side.  If  it  be  red  then  p  <v,  and  vice 
versa.    It  is  sometimes  so  faint  as  to  be  hardly  observable. 

Use  of  RED  AND  BLUE  LIGHT.  The  dispersion  of  the  optic  axes 
may  sometimes  be  examined  more  expeditiously  by  the  use  of 
colored  glasses.  On  a  slide  which  accompanies  the  Nachet  mi- 
croscope are  mounted  small,  square,  colored  glasses,  red  and 
violet.  The  slide  is  inserted  in  the  slot  (U.  figure  54),  in  order 
to  produce  a  red  or  a  violet  field.  The  effect  is  to  produce,  with 
the  red  glass,  dark  rings  where  the  blue  occurs  in  the  interference 
figure,  and  where  the  red  occurs  with  the  violet  glass,  these  colors 
being  mutually  complementary.  The  examinatitwi  consists  in 
making  a  comparison  of  these  dark  rings,  bearing  in  mind  that 
the  dark  rings  produced  by  the  red  glass  correspond  to  the  posi- 
tion of  the  blue  rings  of  the  interference  figure,  and  vice  versa. 
By  quickly  shifting  the  slide  so  as  to  change  back  and  forth  from 
red  to  vicJet,  the  shapes  and  positions  of  the  concentric  dark 
rings  surrounding  the  loci  of  the  axes,  undergo  sudden  changes, 
and  can  easily  be  contrasted  (figure  73).  When  p  >  v  the  outer- 
most black  ring  seen  when  the  field  is  red  is  elongated  and  fur- 
ther removed  from  its  fellow  in  the  other  end  of  the  figure  than 
when  the  field  is  blue.    The  reverse  takes  place  when  p  <.  v. 
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Pig.  73.    Rhombic  Diiperaon. 

Barite,  cordierite,  olivine,  are  examples  of  the  orthorhombic  min- 
erals having  p  <.v.    Aragonite,  staurolite,  cenissite  have  p'>  v. 

OBSERVATION   OF  PARTIAL   INTERFERENCE  FIGURESi 

The  interference  figure  produced  in  convergent  light  is  one 

of  the  most  useful  of  the  optical  phenomena  of  minerals.    In  rock 

sections  containing  numerous  grains  of  the  same  mineral,  either 
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an  entire  or  partial  inlerference  figure  may  usually  be  found. 
When  once  found  it  sei"ves  various  purposes,  as  may  be  seen  by 
the  descriptions  already  given.  For  the  purpose  of  further  eluci- 
dation, the  following  figures  illustrate  the  appearances  when  only 
a  portion  of  the  figure  's  visible.  With  a  little  practice  the  pres- 
ence of  an  acute  bisectrix  or  an  optic  axis  within  the  field  of  the 
microscope  can  easily  be  detected.  By  a  careful  study  of  the 
dark  bars  in  rotation,  the  direction  of  the  bisectrix  from  the  centre 
of  the  field  and  its  approximate  nearness  may  also  be  determined. 

For  this  examination  the  magnifying  lens  of  Bertrand  (p.  64) 
should  be  employed,  with  a  No.  i  eye-piece  and  a  powerful 
objective.  If  desired,  the  figure  with  its  colors  can  be  thrown 
by  the  camera,  lucida  upon  a  surface  lying  near  the  microscope, 
and  exactly  drawn. . 

Uniaxial  interference  figures.  Figure  56  shows  the  in- 
terference figure  of  a  uniaxial  mineral  perpendicular  to  the  axis. 
In  figure  74,  are  seen  various  positions  of  the  same  figure  when 
the  section  is  not  precisely  perpendicular  to  the  axis. 

When  the  optic  axis  is  outside  the  field  of  the  microscope 
straight  dark  bars  are  seen  on  rotation  to  cross  the  field  one  after 
the  other,  as  in  figure  75.  The  locus  of  the  optic  axis  is  always 
at  the  intersection  of  these  bars. 
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I^g.  75.    UDl4xial  Dtrk  But. 

This  property  leads  to  the  determination,  in  all  cases,  of  the 
sign  of  the  uniaxial  mineral  (p.  80).  It  has  been  stated  that 
when  introduced  at  an  sngle  of  45°  the  mica  plate  breaks  up  the 
dark  cross  (p.  62)  and  gives  rise  to  two  dark  spots.  If  the  sub- 
stance is  positive  the  line  of  the  arrow  on  the  plate  and  that  con- 
necting the  dark  points  form  the  sign  plus  (  +  ).   If  it  is  negative 
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these  lilies  do  not  thus  cross,  but  lie  parallel.  In  case  the  daric 
spots  are  at  first  invisible,  it  is  necessary  to  determine  by  a  partial 
rotation  the  direction  of  inclination  of  the  optic  axis  and  thus 
its  position  with  respect  to  the  field.  If  then  the  principal  section 
of  the  mineral  (p.  64)  be  made  to  stand  at  45°  with  the  nicols,  c«i 
inserting  the  mica  first  parallel  and  then  perpendicular  to  this 
section,  generally  one  dark  spot  can  be  observed  in  that  quad- 
rant of  the  field  nearest  the  optic  axis.  The  other  dark  spot 
will  be  in  the  principal  section  beyond  the  locus  of  the  optic  axis, 
and  the  line  uniting  them  forms  +  or  —  as  before. 

In  case  the  obliquity  is  so  great  that  the  spots  cannot  be  dis- 
tinguished it  is  possible  still  to  determine  which  of  the  directions 
of  extinction  corresponds  to  the  projection  of  the  optic  axis  by  ' 
means  of  the  dark  bar  crossing  the  centre  of  the  field,  and  then 
to  determine  whether  it  is  Z  or  Y  by  the  superposition  of  the 
quartz  plate  (p.  58),  which  is  best  done  in  parallel  polarized  light. 
When  the  plate  is  substantially  parallel  to  the  single  optic  axis, 
phenCTnena  are  produced  which  are  somewhat  analogous  to  those 
given  by,  plates  cut  perpendicular  to  the  optic  normal  in  biaxial 
crystals;  two  equilateral  daric  often  confused  hyperbolas  are  seen 
which  on  rotation  of  the  stage  mutually  advance  toward  each  other 
and  retreat  forming  a  dark  cross  or  a  darkening  over  the  centre 
of  the  field  four  times  in  each  complete  revolution. 

Biaxial  interference  figures.  Figure  76  represents  the 
position  and  appearance  of  the  dark  bar  when  a  single  optic  axis 
is  visible  in  the  field  of  the  microscope.  In  this  case  it  is  easy 
to  determine  the  positicvi  of  the  plane  of  the  optic  axes.  The 
hyperbolas  revolve  about  the  trace  of  this  plane  in  a  direction 
opposite  to  the  rotation  of  the  stage.  On  bringing  the  visible 
hyperbola  to  have  its  greatest  curvature,  the  trace  of  the  optic 
plane  will  be  a  line  at  45°  with  the  nicols  and  perpendicular  to 
the  hyperbola  at  its  summit.  The  acute  bisectrix  is  situated  on 
the  side  of  the  convexity  of  the  hyperbola.  This  convexity  di- 
nunishes  as  the  optic  angle  increases,  the  hyperbola  becoming  a 
straight  line  in  all  positions  of  rotation,  when  the  optic  angle 
is  90°. 

When  the  optic  axis  is  outside  the  field  of  the  microscope,  and 
the  inclination  is  in  the  optic  plane,  the  various  aspects  of  the 
dark  bar  are  represented  in  figure  77.  This  dark  bar  is  distin- 
guishable frwn  that  of  uniaxial  crystals  (figure  75)  by  the  curva- 
ture which  it  presents  (p.  72).     When  it  becomes,  straight  and 
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passes  through  the  centre  of  the  field,  it  marks  the  position  of 
the  plane  of  the  optic  axes.  If  the  section  be  not  perpendicular 
to  any  principal  plane  of  elasticity  the  black  bars  are  always 
curved. 

If  one  of  the  optic  axes  be  near  the  field  of  the  microscope,  and 
at  thf  same  time  one  of  the  bisectrices  appear  within  it,  then  the 
other  optic  axis  is  also  near  the  mai^n  of  the  field,  and  the  rota- 
tion of  the  stage  will  cause  the  succession  of  changes  represented 
in  figure  78.     The  presence  of  the  bisectrix  is  indicated  by  the 
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production  of  the  black  cross  which  breaks  up  into  hyperbolas 
by  the  rotation  of  the  stage.  The  quadrants  into  which  the  hy- 
perbolas disappear  {KE — SW,  or  NW^SE)  can  be  easily  dis- 
tinguished. On  turning  the  stage  slowly  in  the  direction  of  the 
hands  of  the  watch,  if  they  disappear  NW — SE  the  plane  of  the 
optic  axes  was  previously  E — W.  If  they  disappear  in  the  direc- 
tion NE--SW  the  plane  was  N— S. 

The  most  useful  position  of  the  axial  plane  may  always  be 
established  on  the  disappearance  of  the  hyperbolas,  say  NW — SE, 
by  laying  off  an  angle  in  the  same  quadrants,  of  45°  from  extinc- 
tion and  turning  the  section  to  that  position.  The  hyperbolas 
are  then  at  their  most  tiistant  points,  and  the  bisectrix  is  favor- 
ably situated  for  examination  with  the  quartz  plate. 

When  neither  a  bisectrix  nor  an  optic  axis  pierces  the  field  of  ^ 
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the  microscope,  still  there  may  be  seen,  in  general,  dark  curved 
bars  passing  over  the  field,  which  exhibit  an  indistinct  rotary 
movement.  As  has  already  been  mentioned  (p.  84),  tliis  affords 
means  of  distinguishing  a  biaxial  mineral  from  a  uniaxial  one. 
But  the  i»ssage  of  black  bars  nearly  parallel  to  themselves  is  not 
always  sufficient  to  establish  the  uniaxial  character  of  the  miperal. 
In  fact,  when  the  angle  of  the  optic  axes  is  not  very  large,  and  the 
acute  bisectrix  makes  a  large  angle  with  the  axis  of  the  micro- 
scope, the  dark  arms  of  the  hyperbolas  which  are  seen  to  pass 
over  the  field  can  easily  be  confounded  with  right  lines.  The 
dark  line  of  the  optic  axis  is  slightly  curved  at  the  extremi- 
ties in  opposite  directions,  but  such  curvature  is  usually  not 
observable.  It  is  straight  only  when  the  axial  angle  is  90  de- 
grees. 

En  resume.  When  the  black  curves  form  a  cross  at  the  centre 
of  the  field  of  the  microscope,  the  thin  section  is  perpendicular 
to  one  of  the  three  axes  X,  Y  or  Z.  When  perpendicular  to  Y 
it  is  dim  and  sometimes  almost  invisible. 

When  one  arm  of  the  black  cross  coincides  at  a  given  moment 
of  rotation  with  one  of  the  threads  of  the  ocular,  the  thin  section 
is  perpendicular  to  a  plane  containing  two  of  the  axes  X,  Y,  7. 
In. this  case  different  appearances  are  to  be  noted, 

1.  The  section  is  perpendicular  to  the  plane  X,  Z,  containing 
the  optic  axes,  and  its  normal  falls  between  the  acute  bisectrix 
and  one  of  the  optic  axes.  The  figure  presents  no  difficulty  of 
interpretation.  The  formaficKi  and  the  curved  outlines  of  the 
h>-perbolas  are  distinct;  when  the  dark  bar  coincides  with  one  of 
the  threads  of  the  ocular  (principal  planes  of  the  nicols)  it  marks 
the  trace  of  the  plane  of  the  optic  axes.  It  is  possible  to  distin- 
guish very  clearly  the  side  of  the  optic  axis  round  which  the 
dark  bar  turns,  from  the  side  of  the  bisectrix.  It  is  possible  hence, 
to  note  the  place  of  the  other  quadrants  as  defined  by  the  branches 
of  the  dark  cross,  and  the  mica-plate  permits  the  determination 
of  the  sign  of  the  nearest  bisectrix,  which  is  the  sign  of  the 
mineral. 

2.  The  plate  is  still  perpendicular  to  the  plane  X,  Z,  but  its 
normal  falls  in  the  obtuse  angle  of  the  axes.  The  appearances  are 
analc^ous  to  those  of  the  preceding  case;  but  if  the  angle  of  the 
optic  axes  {round  the  acute  bisectrix)  is  small,  all  the  dark  bars 
will  cross  the  centre  of  the  field  of  the  microscope  without 
apparent  curvature;  and  this  is  especially  true  of  that  bar  parallel 
with  the  optic  plane.    In  this  case  it  becomes  difficult  to  determine 
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the  direction  of  the  axial  plane,  and  consequently  the  orientation 
of  the  thin  section. 

3.  The  section  is  perpendicular  to  one  of  the  planes  (X,  Y), 
(Y,  Z).  It  is  easy  to  sec  that  in  this  double  case,  the  daric  bar 
once  centred  is  perpendicular  to  the  trace  of  the  optic  plane. 
When  the  locus  of  the  bisectrix  is  near  the  border  of  the  field, 
the  dark  curve  is  distinctly  bent  by  rotation  of  the  stage  of  the 
microscope,  and  reveals  the  direction  of  the  optic  plane. 

But  if  the  field  be  withdrawn  in  the  direction  toward  Y,  the 
daric  bar  becomes  faint,  and  remains  practically  parallel  with  it- 
self. 

Sections  perpendicular  to  Y,  that  is  to  say,  parallel  to  the  plane 
of  the  optic  axes,  present  a  general  diffusion  of  darkness,  at  the 
portions  of  extinction  in  parallel  polarized  light,  but  on  rotation 
indistinct  hyperbolas  go  out  from  the  centre  rapidly. 

The  mica-plate,  inserted  at  45°  with  the  black  cross  of  an  acute 
bisectrix  of  a  biaxial  crystal,  gives  usually  similar  appearances 
and  indications  as  with  uniaxial  crystals.  If  it  does  not  and  if 
the  sign  of  this  bisectrix  be  unknown,  it  can  be  determmed  by 
comparing  the  axis  Y  in  the  plate  with  the  other  axis  in  the  plate 
by  the  use  of  the  quartz  plate  in  parallel  polarized  light  (p.  65), 
The  same  process  would  be  necessary  in  the  case  of  a  section 
peipendicular  to  the  obtuse  bisectrix ;  in  fact,  the  trace  of  the 
plane  of  the  optic  axes,  is  of  a  sign  contrary  to  that  of  the  bisec- 
trix perpendicular  to  the  section. 

Colored  curves  of  interference  figures  formed  by  equal  retarda- 
tion of  light  appear  in  thin  sections  only  when  the  mineral  is 
highly  doubly  refracting  or  when  the  section  is  very  thick,  and 
most  frequently  the  colors  seen  bel(mg  to  the  curves  nearest  the 
centre,  corresponding  to  one,  two  or  three  wave-lengths  of  re- 
tardation. 

The  position  of  the  plane  of  the  optic  axes  often  affords  the 
determination  of  a  doubtful  section ;  thus  in  certain  minerals  the 
axial  plane  is  constantly  perpendicular  to  the  favorite  direction 
of  elongation.  Such  is  the  case  with  epidote  (elongation  paral- 
lel to  the  edge  001 :  100,  plane  of  the  axes  010),  or  wollastonite 
(same  as  in  epidote).  The  contrary  case  is  afforded  by  augite, 
amf^ibole,  enstatite  and  hypersthene,  whose  elongation  is  paral- 
lel to  the  axial  plane. 

THE  MONOCLINIC  SYSTEM  AND  POLARIZED   LIGHT. 


The  phencmiena  of  crystals  of  the  monoclinic  system  in  polar- 
ized light  are  similar  to  the  same  in  the  orthorhombic  system^,-,  , 
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and  the  same  terms  are  used.  The  two  systems  differ  only  in 
the  manner  of  dispersion  of  the  (^ic  axes,  and  in  the  relative 
positions  of  the  axes  of  ether  vibration  with  respect  to  the  crystal- 
lographic  axes  (p.  70). 

Extinction  angle.  One  of  the  axes  of  ether  vibration  (fre- 
quently Y)  coincides  with  the  ortho-diagonal  crystallc^raphic 
axis  b,  which  is  the  axis  of  symmetry  of  the  system  (p.  20);  and 
the  other  two  are  in  the  plane  of  symmetry ;  that  is  to  say,  they 
lie  in  a  plane  parallel  to  the  clinopinaccnd  (010).  The  angles 
made  by  these  two  axes  of  ether  vibration  with  the  crystallo- 
g^aphic  axes  in  the  same  plane  are  called  extinction  angles,  and 
afford  a  means  of  distinguishing  monoclinic  crystals  in  polarized 
light. 


Let  iigure  79  represent  a  simple  monoclinic  form  in  its  con- 
ventional positiCT).  The  full  lines  represent  the  directions  of  the 
crystallographic  axes  a,  b,  c.    The  three  planes  represented  be- 
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[wqpn  the  piiiacoids  010  and  oTo  axe  intended  to  ^xnv  the  plane 
of  ^mmetry,  and  the  dotted  lines  lying  in  them,  three  possible 
positions  of  the  axes  of  ether  vibrati(m  for  different  minerals, 
with  respect  to  the  axes  a  and  c.  The  axes  of  ether  vibration 
are  necessarily  at  right  angles  to  one  another,  in  the  same  nwieral, 
and  bisect  the  respective  optic  angles.'  The  optic  axe^  are  not 
represented;  In  the  figure  Y  coincides  with  b,  but  in  many  min- 
erals X  or  Z  coincides  with  b.  The  first  symmetiy  plane  (i) 
represents  the  ccMidition  actually  found  in  epidote.  The  second 
(2)  represents  diopside,  and  the  third  (3)  glaucophane. 

Dispersion  in  the  monocunic  system.  In  the  monoclinic 
system  not  only  may  the  loci  of  the  optic  axes  for  the  different 
colors  be  different  in  the  same  crystal,  but  the  locus  of  the  bisec- 
trix may,  in  certain  conditions,  be  different  for  the  different 
(xAoTs.    There  are  three  cases : 

Inclined  dispersion  takes  place  when  the  optic  normal  (Y) 
coincides  with  the  crystallographic  axis  b,  and  the  optic  plane 
is  in  the  position  represented  by  fig.  79,  'It  is  seen  in  gypsum 
and  angite.  In  this  case  the  bisectrix  emerges,  for  the  violet 
rays,  at  some  distance  to  the  right  or  left  frCHn  the  point  of 
.  emergence  of  the  bisectrix  for  the  red  rays,  but  in  the  trace  of 
the  axial  plane;  and  at  the  same  time  the  dark  rings,  seen  alter- 
nately in  red  and  blue  li^t,  (p.  82)  shift  their  positions  in  the 
same  directions,  becoming  also  larger  or  smaller.  If  p  <.v,  as 
in  fig  So,  the  innermost  dark  ring  for  red  light  may  be  repre- 
sented by  the  small  circles,  and  the  bisectrix  would  be  interme- 
diate, at  R;  for  violet  light  the  bisectrix  is  removed  to  V,  and 
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the  innermost  dailt  rings  are  seen  as  represented  by  the  larger 
circles.    Both  bisectrices  are  subject  to  this  dispersion. 

In  inclined  dispersion,  in  white  light,  there  is  a  difference  in 
distribution  of  colors  surrounding  the  loci  of  the  optic  axes,  ow- 
ing to  the  different  superposition  of  the  colors  after  dispersion. 
One  set  of  rings  may  be  larger  than  the  other,  or  more  elliptical. 
In  the  diagonal  position  of  the  section  there  is  no  constancy  in 
the  positions  of  the  colors  relative  to  the  sides  of  the  hyperbolas; 
one  hyperbola  may  have  its  concave  side  fringed  with  blue  and 
the  other  with  red.  If  the  dispersion  of  the  bisectrix  be  not 
lafge  the  dark  hyperbolas  will  be  symmetrically  colored  (wi  their 
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a  manner  similar  to  that  of  rhombic  dJspecsion 


concave  sides 
(p.  8i). 

Obviously  the  plane  of  symmetry  of  the  colors  of  the  interfer- 
ence figure  in  inclined  dispersion  contains  the  long  axis  of  the 
figure  itself. 


Fis  SI .    PoritiiHi  of  the  Optic  Plane  in  Horiiontal  Diipcttion 

Horizontal  dispersion    takes  place  in  the  interference  figure 
when  the  obtuse  bisectrix  coincides  with  the  crystallographic  axis 


w 


Flc.  82.  Hoiinntil  DiipenloD . 
h  (fig.  8i).     In  this  case  the  other  bisectrix  and  the  optic  normal 
are  in  the  plane  of  symmetry,  at  right  angles  to  b.    The  optic 
plane  is  perpendicular  to  the  plane  of  symmetry.     The  obtuse 
bisectrix  is  not  horizontally  dispersed,  but  shows  crossed  disper- 
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sion.  The  acute  bisectrix  and  the  optic  normal  are  horizontally 
dispersed.  Normal  orthoclase  exhibits  horizontal  dispersion. 
The  positions  of  the  acute  bisectrix  and  of  the  dark  rings  for 
red  and  blue  light  are  shown  in  fig.  82,  which  represents  p  <v. 
When  this  interference  figure  is  seen  in  white  light  the  colors 
that  appear  about  the  loci  of  the  optic  axes  are  dispersed  hori- 
zontally, i.  e.,  uniformly  in  a  direction  perpendicular  to  the  long 
axi's  of  the  figure.  The  distribution  of  the  colors  is  the  same 
in  quadrants  on  the  same  side  of  that  axis.  The  plane  of  sym- 
metry', therefore,  for  these  colors  is  perpendicular  to  the  long 
axis  of  the  figure. 

Crossed  dispersion  is  seen  in  those  monoclinic  mini^rals  in 
which  the  acute  bisectrix  coincides  with  the  crystallc^raphic  axis 
b.  Then  the  obtuse  bisectrix  and 
the  optic  normal  are  in  the  plane 
of  symmetry,  where  they  may 
occupy  any  positions.  Crossed 
dispersion  is  exhibited  by  borax. 
The  obtuse  bisectrix  and  the  op- 
tic normal  are  horizontally  dis- 
persed, and  the  centre  of  the  in- 
Fi«.H.  crouMiDiipcrdon.  tcrfcrence  figure  about  the  acute 

bisectrix  is  the  same  for  all  colors,  but  the  distribution  of  the 
cciors  about  the  .centre  is  more  or  less  oblique  to  the  trace  of 
the  axial  plane. 

The  positions  of  the  dark  rings,  seen  in  red  and  blue  light 
alternately,  may  be  represented  as  in  figure  44  in  which  p  >  *. 
When  this  interference  figure  is  seen  in  white  light  the  colors 
that  appear  about  the  loci  of  the  optic  axes  are  dispersed  oblique- 
ly, tending  to  occupy  the  opposite  quadrants.  In  one  of  the  op- 
tic loci  the  colors  alternate  from  N  E  to  S  W,  and  in  the  oppo- 
site direction  in  the  other,  the  degree  of  obliquity  with  the  axial 
plane  depending  on  the  relative  positions  of  the  axes  for  the  red 
and  the  blue  rays,  and  the  consequently  variable  superposition  of 
the  different  phases.  The  two  axial  figures,  however,  are  equally 
illuminated,  and  appear  of  the  same  size.  That  color  which  has 
the  less  dispersion  appears  near  the  bisectrix,  within  the  inner- 
most colored  ring,  in  greater  force  than  its  complementary  color. 
and  occupies  the  same  side  of  the  trace  of  the  axial  plane  m  the 
two  axial  figures.  In  the  diagonal  position  this  color  also  frmges 
the  concave  sides  of  the  hyperbolas,  but  alternates  obliquely  with 
its  complementary  color. 
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The  diflferent  kinds  of  dispersion  of  the  interference  figure 
may  be  summarily  expressed,  as  follows.: 

SHtltm  I>itfi4rrion  Celonart  Stfmmttrioal  tv 

OithoAonbk  Khoii^ic.t!s.  M  BoUipliiM 

rindlned,  &[,41  Thi  optk  plane 

UanodiBk  i  HoiiionUl,  fis .  43  The  plane  petveniUcalu  to  the  optic  plane 

ICiMwd,  fic.44  The  locDi  of  tlie  blMctiix 

TrlcUnic  domUnatloM  (p.  92)  Asrmmetilcal 

By  optical  chxracters  alone  it  is  swnetimes  very  difficult  to  dls- 
tit^^sh  minerals  of  the  monodinic  system  from  those  of  the 
orthorhombic  and  hexagonal  systems.  Resort  must  then  be  had 
to  chemical  or  to  other  structural  features.  The  axial  interfer- 
ence figure  of  biotite,  for  instance,  remains  a  black  cross,  on  ro- 
tation, as  in  uniaxial  minerals. 

THE  TRICLINIC  SYSTEM  AND  POLARIZED  LIGHT. 

The  fact  that  minerals  of  the  tricUnic  system  have  no  sym- 
metry, except  about  a  point  renders  it  impossible  to  state  any 
general  definitive  principles  respecting  their  phenomena.  In  polar- 
ized light  each  mineral  has  its  own  characters,  a  circumstance 
which  renders  their  determination  direct  and  unique. 

The  axes  of  ether  vibration  have  no  fixed  relation  to  the  crys- 
tallographic  axes.  The  optic  axes  and  the  axes  X,  Y,  Z  are  sub- 
ject to  dispersion,  though  so  small  or  so  confused  that  in  most 
instances  it  can  be  neglected.  Rarely  an  axis  of  ether  vibration 
coincides,  nearly  or  quite,  (as  in  oHgoclase)  with  a  crystallo- 
, graphic  axis. 

Tridinic  crystals  manifest  all  the  phenomena,  already  de- 
scribed, seen  in  monoclinic  crystals,  such  as  polarization,  double 
refraction,  quadruple  wttinction  and  chromatic  interference  fig- 
Dispersion  in  the  triclinic  system  produces  a  colored  inter- 
ference figure  which  always  is  made  up  of  the  superposition  of 
several  kinds  of  dispersion,  and  is  valueless  except  to  fix  the  min- 
eral in  the  tricljnic  system.     It  has  no  symmetry. 

IMPORTANT  CHARACTERS  COMMON  TO  ALL  THE 
CRYSTALLOGRAPHIC  SYSTEMS. 

Elongation  and  plati-ening.  In  the  microscopic  examina- 
tion of  minerals  in  polarized  light,  it  becomes  necessary  to  com- 
pare the  directions  of  extinction  with  their  cleavages  or  with  their 
known  edges.     Crystals  have  characteristic  tendencies  to  ekm- 
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gation  parallel  with  certain  edges,  or  of  flattening  parallel  with 
certain  pinacoids,  or  less  commonly  other  faces,  or  of  twinning  on 
certain  faces.  These  hence  become  important  data  for  compari- 
son with  the  directions  of  tlie  optical  phenomena.  Experience 
and  theory  both  show  that  these  favorite  directions  are  those 
whose  symbols  are  the  most  simple.  Thus,  flattening  takes  place, 
as  in  mica  and  in  iridymite,  parallel  to  the' basal  plane  (001), 
and  in  certain  feldspars  parallel  to  the  brachypinacoid  (010). 
Elongation  takes  place,  as  in  apatite,  ampbibole  and  pyroxene, 
parallel  to  the  intersection  of  the  faces  of  the  prism,  parallel  to 
the  intersection  of  no  and  100  as  in  zircon,  rutile  and  wemer- 
ite;  parallel  to  the  edge  001 :  100  in  epidote  and  wollastonite ;  par- 
allel to  the  edge  001 ;  010  in  the  feldspars  and  to  100 :  010  in 
cyanite,  etc. 

In  general  it  might  be  stated  that,  in  the  tetragonal  and  hexa- 
gonal systems  flattening  takes  place  perpendicular  to  the  vertical 
axis;  if  not,  then  the  elongation  is  parallel  to  it.  Consequently 
the  extinctions  in  the  interesting  zones  are  found  constantly  par- 
allel to  the  length,  and  in  certain  cases,  exactly  parallel  to  the 
trace  of  the  easy  cleavage.  In  fact,  when  the  single  easy  cleav- 
age, as  in  the  micas,  is  practically  perpendicular  to  the  vertical 
axis  the  trace  of  the  cleavage  is  practically  parallel  to  the  di- 
rection of  extinction,  whatever  be  the  orientation  of  the  section.* 

In  the  orthorhombic  system  the  flattening  is  perpendicular,  or 
the  elongation  is  parallel  to  one  of  the  three  crystallographic 
axes,  and  the  extinctions  in  elongated  sections  are  hence  parallel 
to  the  elongation. 

The  nionoclinic  system  presents  a  favorite  elongation  parallel 
to  the  axis  b  or  parallel  to  one  of  the  principal  edges  contained 
in  the  clinopinacoid  or  plane  of  symmetry.  In  the  former  case 
extinctions  are  longitudinal.  In  the  second  they  vary  according 
to  the  position  of  the  axes  of  ether  vibration  with  respect  to  the 
elongation.  The  angle  of  maximum  extinction  of  different  sec- 
tions in  the  zont  perpendicular  to  the  plane  of  symmetry  meas- 
ured on  the  constant  direction  of  the  edge  of  favorite  elongation, 
may  then  become  a  characteristic  of  the  mineral  studied.  Such 
is  the  case  with  ampbibole,  pyroxene  and  orthoclase.  It  is  well 
to  note  thai  this  elongation  is  here  embraced  in  one  of  the  planes 


*  The  mloBi  ar«  Mrictly  mimocltalc  and  rlctHvua  porallaHam  doea  not 
occur.  Tbeir  ■nnnMtrr,  however,  to  bo  naarly  Uiat  of  hezacon^  crystal! 
Uui  thay  turnlMb  an  excellent  iwacUcal  example. 
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containing  two  of  the  axes  X,  Y,  Z,  which  simplifies  consider- 
ably the  theoretical  search  for  this  maximum  extinction. 

Finally,  in  the  triclinic  system,  the  elongation  may  be  in  any 
direction  with  respect  to  the  axes  X,  Y,  Z,  and  the  question  be- 
comes one  of  wide  limits.  Yet,  in  some  special  cases,  the  edge 
of  elongation  is  still  very  near  a  plane  containing  two  axes 
of  ether  vibration  thus  affording  extinction  practically  parallel 
with  the  elongation  in  all  sections  perpendicular  to  the  plane. 
Such  is,  for  instance,  the  edge  loo:  oio  in  cyanite  and  ooi:  oio 
in  a  part  of  the  triclinic  feldspars. 

Cleavages.  In  the  isometric  system  cleavages  are  parallel 
to  the  faces  of  the  cube  as  in  perovskite,  analcite,  or  of  the  octa- 
hedron as  in  flnorite,  or  of  the  dodecahedron  as  in  sodalite.  In 
other  cubic  rock-forming  minerals  it  is  wanting,  or  not  noticeable 
in  thin  sections. 

In  the  tetragonal  system  usual  cleavage  is  either  parallel  to 
the  vertical  axis  or  perpendicular  to  it.  In  the  former  case  more 
or  less  regular  quadratic  or  octagonal  outlines  appear,  depending 
on  the  inclination  of  the  section  to  the  vertical  axis.  There  may 
be  two  systems  of  cleavage  intersectitig  each  other  at  uniform 
angles.  If  the  section  be  perpendicular  to  c  extinctions  take  place 
parallel  to  the  prismatic  cleavages,  and  a  basal  cleavage  is  in- 
visible. For  oblique  sections  the  vertical  cleavages  form  a  vari- 
able angle  with  the  extinctions,  but  the  basal  cleavage  is  parallel 
with  it.  Sometimes  a  cleavage  is  parallel  to  the  face  of  the  unit 
pyramid,  as  one  of  the  cleavages  in  zircon.  In' such  a  case  ex- 
tinction is  usually  oblique  to  the  cleavage. 

In  hexagonal  crystals  sections  perpendicular  to  c  have  hexago- 
nal or  triangular  cleavage  directions,  unless  the  cleavage  be  par- 
allel to  oooi,  in  which  case  it  is  not  apparent.  In  sections  par- 
allel to  c  prismatic  cleavages  will  be  parallel  to  each  other  and 
perpendicular  to  the  basal  cleavage.  In  this  case  extinction  is 
always  parallel  to  the  cleavages.  In  other  sections  cleavage 
cracks  appear  which  are  parallel  to  or  intersect  each  other,  the 
angle  depending  on  the  inclination  of  the  section  to  the  axis  c, 
and  the  extinctiori  angle  on  the  prismatic  cleavages  is  equally 
variable. 

Crystals  belonging  to  the  ortborhonAic  system  are  likely  to  show 
pinacoidal  or  prismatic  cleavages  running  in  parallel  cracks  in  all 
sections  parallel  to  c.  These  cleavages  intersect  when  the  sec- 
tion is  inclined  to  the  principal  axis.  They  are  all  parallel  to 
each  other  when  the  section  is  parallel  to  the  axis  c,  and  the  pin- 
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acoidal  at  right  angles  when  perpendicular  to  c;  the  prismatic 
cleavages  form  a  system  of  angles  not  90°.  Pyramidal  cleavages 
appear  in  angular  figures  whose  forms  depend  upon  the  inclina- 
tion of  the  section  to  the  pyramidal  planes. 

In  the  monoclinic  system  "sections  of  regularly  developed  crys- 
tals, and  the  figures  made  by  the  cleaA-age  cracks  are  symmetri- 
cal only  when  they  belong  to  the  orthodiagoiial  zone,  'The  cleav- 
age is  either  single  (parallel  to  pinacoids  or  orthodomes)  and 
lies  in  the  plane  of  symmetry,  or  stands  at  right  angles  to  it ;  or 
Uic  cleavage  is  the  same  parallel  to  two  faces  (prismatic)  which 
make  equal  angles  with  the  plane  of  symmetry.  A  single  cleav- 
age gives  a  single  system  of  parallel  cleavi^e  ctracks,  in  all  sec- 
tions but  tliose  parallel  to  the  cleavage  face.  Two  single  cleav- 
ages occurring  :ii  the  same  crystal  cannot  be  equal ;  they  furnish 
parallel  cleavage  cracks  in  all  sections  in  the  zone  of  the  cleav- 
ages, and  intersecting  systems  of  dissimilar  cleavage  cracks  in 
all  other  sections."  (Rosenbusch), 

In  the  monoclinic  feldspars  are  two  important  cleavages,  one 
parallel  to  010  and  the  otlicr  to  001,  the  latter  being  more  marked. 
In  thm  sections  they  are  usually  both  visible,  but  if  the  section 
be  rather  tliicic,  that  cleavage  parallel  to  010  is  sometimes  invis- 
ible. In  sections  parallel  to  010  the  basal  cleavage  is  visible  as 
stra^ht  paralld  cracks ;  in  those  paraUel  to  001  the  clinopinacoid- 
al  cleavage  is  seen  in  the  same  manner.  In  sections  parallel  to 
100  both  cleavages  are  visible,  intersecting  each  other  at  right 
angles.  The  same  is  true  for  all  sections  parallel  to  the  edge 
001  ;  100.  In  sections  parallel  to  the  edge  100  :  010  these  cleav- 
ages form  an  angle  which  decreases  from  90°  to  agreement  with 
the  supplement  of  the  angle  j8  (64°  ±). 

A  parting  (p.  37)  in  sanidine  is  sometimes  present  parallel  to 
100,  which  might  be  mistaken  for  a  cleavage  parallel  to  oot  or  to 
010.  It  appears  in  thick  sections.  The  true  cleavage  is  seen  in 
thinner  sections.  A  coarser  zonal  structure  is  also  sometimes  very 
marked. 

Minerals  of  the  triclinic  system  "afford  sections  unsymmetrical 
in  all  zones.  The  same  is  true  of  all  figures  produced  by  inter- 
secting cleavages.  Each  cleavagje  is  parallel  to  only  one  face; 
hence  there  are  no  equivalent  cleavage  cracks  which  intersect  CKie 
^mother.  Cleavage  cracks  which  intersect  always  belong  to  cry=- 
tallographically  dissimilar  faces.  In  general  those  faces  paral- 
lel to  which  there  is  cleavage  are  made  the  pinacoids."  (Rosen- 
busch). 
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In  the  triclinic  feldspars  the  usual  cleavages  are  parallel  to  ooi 
and  oio 

Twinning.  When  crystals  are  twinned  the  individual  parts 
are  attached  to  each  other  by  a  composition  face,  and  one  part  is 
turned  usually  i8o  d^rees  from  agreement  with  the  other  part, 
about  a  twinning  axis  that  is  perpendicular  to  the  twinning  plane. 
Crystals  thus  grouped  are  called  tu-ins,  but  crystals  repeated 
alongside  of  each  other  and  not  reversed  constitute  grouping,  or 
parallel  growths.  The  twinning  axis  is  usually  a  crystallographic 
axis,  or  may  be  a  line  normal  to  a  crystal  face.  The  composition 
face  thou^  usually  perpendicular  to  the  twiniting  axis,  is  some- 
times parallel  to  jt,  and  sometimes  is  irregular  owing  to  the  mu- 
tual interpenetration  of  the  twins,  caused  by  cotemporary 
growth.  If  twins  are  simfHy  adherent  by  the  composition  face 
they  are  contact  twins.  If  they  penetrate  each  other  they  are 
likely  to  have  an  irregular  composition  face  and  are  called  pene- 
tration twins.  A  twinned  plane  is  one  that  is  repeated  and  adja- 
cent to  its  homologous  plane  of  the  other  part  of  the  crystal. 

Although  in  each  individual  of  a  twinned  crystal  the  optical 
characters  are  the  same,  and  identical  with  the  same  characters 
in  a  simple  crystal,  and  hence  are  amenable  to  the  principles 
already  given,  yet  there  are  certain  forms  of  twinning  so  fine 
as  to  be  visible  only  with  the  aid  of  the  microscope,  and  others 
that  constitute  diagnostic  characters  for  the  determination  of 
mineral  species.  A  knowledge  of  the  forms  of  habitual  twinning 
becomes  therefore,  a  powerful  aid  to  the  microscopist,  and  espec- 
ially in  the  study  of  the  feldspars.  The  most  important  types  of 
twinning  in  the  feldspars  are  the  Carlsbad,  Baveno,  Manebach, 
albite  and  pericline. 

r*"  1^  ■  Carlsbad  twinning.    The  most  simple  of 

A**'  J    \  these  important  forms  of  twinning  is  that 

/»«T  /  known  as  the  Carlsbad  type.    It  occurs  in 

T*-{  •*'  the  monoclinic  as  well  as  in  the  triclinic 

feldspars.     Carlsbad   twins  may  be  again 

twinned    according   to    the    albite    or    the   ■ 

pericline  types,  and  when  their  extinctions 

are   parallel,  as  often  happens,  confusion 

may  result  unless  they  be  separately  recc^- 

p.  nized. 

c«i.b>d  ut«<«iiti.ti=«       Figure  84  represents  the  usual  aspect  of 

Twj".  a  simple  Carlsbad  twin  crystal  of  ortho- 

clase.     The  twinned  plane  is  iio,  but  with  the  obliteration  of 
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loo,  and  the  contact  faces  are  oio.  It  appears  as  if  after  the 
orientation  of  two  crystals  of  the  same  form  they  had  united, 
but  with  their  homolc^us  ends  in  opposite  directions,  and  had 
continued  to  grow  after  union.  It  is  not  always  that  the  twins 
are  of  equal  size,  but  two  or  more  small  individuals  may  be 
twinned  with  a  single  larger  one,  the  small  crystals  being  appar- 
ently cemented  on  the  larger  crystal.  In  the  Carlsbad  form  the  ■ 
twins  are  supposed  to  be  turned  180°  about  the  vertical  axis  c, 
or  about  a  line  perpendicular  to  the  face  100.  A  thin  section 
through  such  a  crystal  in  the  zone  parallel  to  the  axis  b  would 
evidently  consist  of  two  parts  whose  basal  cleavages  would  be 
parallel,  and  whose  extinctions  would  be  simultaneous.  The 
traces  of  the  optic  planes  in  the  two  portions  would  be  found 
parallel. 


^Sifl 


Culibkd  TwIbi  witbcDt  BiTeno  Twini  of  Ottho- 

Inter-pcDfeteatioii.  daae. 

Figure  85  represents  a  Carlsbad  twin  crystal  without  penetra- 
tion, the  faces  loi  and  001  being  so  nearly  in  the  same  plane  as 
to  appear  to  be  one  plane.  The  face  100,  which  is  very  rarely 
seen,  is  here  obliterated  by  the  prismatic  faces  i  ro,  and  the  elong- 
ation is  parallel  to  the  prism  edges.  Sometimes  a  Carlsbad  twin 
consists  of  two  parts  elongated  parallel  with  the  clinodiagonal 
axis,  the  vertical  axis  being  relatively  shortened. 

Figure  86  represents  a  Baa/eno  twin  of  orthoclase,  the  form  bfr 
ing  elongated  parallel  to  a.  Here  the  twinning  plane  is  the  clino- 
dome  ozi,  to  which  the  twinning  axis  is 

normal,  and  the  composition   face  is  also  

021.     The  clinopinacoids  and  basal  planes    jC       "** J^ 

unite  to  constitute  a  nearly  square  prism,  A*/       oio  W' 

in  which  cleavage  is  parallel  to  each  side,  Vjijr       ~|        ^\ 

and  the  optic  planes  stand  at  right  angles   ^'-^ — ^^ 

to  each  other.     This  type  is  not  common.  Fte.  87. 

The  rarest  type  of  twinned  orthoclase  is  ' 
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the  'Manebach  twin,  the  composition  face  being  here  the  base  ooi, 
represented  by  figure  87.  The  axis  of  revolution  is  perpen- 
dicular to  the  base  001 ;  cleavage  is  sufficient  to  distinguish  the 
parts,  since  that  which  is  easiest  in  one  is  parallel  to  the  same  in 
the  other,  and  the  cleavage  parallel  to  the  clinopinacoid,  in  one  is 
continuous  into  or  at  least  parallel  with  the  same  in  thi  other. 
■  While  these  forms  prevail  in  the  monoclinic  feldspars  it  is  not 
uncommon  that  they  unite  in  the  triclinic  feldspars,  with  the 
albite  and  pericline  types  of  twinning,  which  are  rarely  absent  in 
the  latter. 

Albite  and  Pericline  Twinning.  All  the  plagioclastic  feld- 
spars are  characterized  by  fine  [yotysynthetic  twinning,  which 
produces  a  fine  superficial  striation  generally  visible  to  the  naked 
eye;  it  is  caused  by  a  succession  of  changes  in  direction  of  growth 
of  the  crystal,  the  angle  between  adjacent  striation  faces  being 
about  172°.  When  the  twinning  axis  is  a  norma!  to  010  this 
twinning  forms  the  albite  type.  When  it  is  parallel  to  b  it  forms 
the  pericline  type.  In  the  albite  type  the  lamellas  are  parallel 
to  010  and  produce  striations  on  the  sides  001  and  100.  They 
are  invisible  in  thin  sections  parallel  to  010,  but  in  all  others 
they  are  apparent  in  narrow  bands  which  polarize  and  extinguish 
alternately,  on  being  rotated  between  crossed  nicols,  the  bands 
being  parallel  to  the  brachypinacoidal  cleavage.  The  external 
pericline  striations  are  visible  on  all  faces  of  the  crystal  as  below 
except  in  andesine.  If  striations  appear  on  the  face  010  thej' 
are  necessarily  of  the  pericline  type.  In  thin  sections,  if  the  peri- 
cline twinning  exists,  it  is  visible  in  sections  cut  in  all  directions, 
except  parallel  to  the  composition  face.  The  composition  face 
is  the  rhombic  section,  so-called,  i.  e..  a 
plane  perpendicular  to  010  and  cutting 
the  faces  1 10  and  iTo  in  sucli  a  posUioB 
-Ts  10  make  stctions  on  010  and  1 10  and 
iTo  that  hav.e  internal  angles  equal*  ttf 
each  other  (figure  88.).  In  andesine 
the  rhombic  section  is  practically  paral- 
Rg.es.  lel  to  the  base,  oqi, 

::Petki<De  Twin  of  Albite.  Figures  89  and  go  represent  each  a 

pair  of  microlitic  twins  of  the  albite  type,  the  former  having  an 
elongation  parallel  to  the  axis  a,  and  the  latter  a  flattening  par- 
allel to  010. 
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ALBITE  A.WD  P  ERIC  LINE  STRIATIONS. 


Fii.  89.  Wa. «. 

Uicrolitic  Alblie  Twim,  Miciolillc  Albili  Tvlni. 

ihowing  ElooKitiDD  flitUned  iwnnel  toDlO. 
puillel  to  tbc  Alia  a. 

Figure  91  represents  a  triclinic  feldspar  included  between  the 
principal  crystal  faces  001,  100  and  010.  The  lines  which  cross 
each  other  on  the  faces  001  and 
100  indicate  the  external  stria- 
tions  due  to  the  albite  and  peri- 
cline  types  of  polysynthetic 
twinning;  those  that  appear  on 
the  face  010  represent  the  exter; 
nal  striations  due  to  pericline 
twinning.  In  the  various  plagi- 
oclases  the  latter  make  different 
angles  with  the  basal  cleavage 
or  with  the  edge  001:010  In 
albite  it  is  about  as  shown  in 
the  figure;  vir.  18°  to  22°;  in 
'^«"-  oligoclase  it  is  6°;  in  andesine 

Tndiiuc  feldipir  form  .homng  the  po»i.        .     ? 

lira' 0/ Ihe  ch.rKUriMicAibite.nd  Pet.       It    IS   O    ;    in    labradOFlte    frOm    2 

*"^'™"°"»-  to  0°   in  the  opposite  direction, 

and  for  anorthite  it  is  i8°  in  the  same  direction  as  for  labradorite. 

When  the  polysynthetic  twinning,  albite  or  pericline,  is  again 
enveloped  by  a  Carlsbad  twinning,  a  thin  section  manifests  it 
by  the  occurrence  of  two  pairs  of  bands  on  one  side,  which  extin- 
Wish  or  polarize  in  sympathetic  alternation,  differently  from 
'TO  pairs  of  bands  on  the  other  side.  Generally  the  darkened 
W  which  separates  the  Carlsbads  can  be  seen.  It  is  heavier 
ilian  the  other  dark  lines,  and  is  apt  not  to  agree  with  them 
'•rictly  in  direction,  or  to  be  otherwise  irregular. 

E-vriNXTiON  Angles  are  measured  from  some  plane  containing 
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an  axis  of  ether  vibration  to  some  visible  crystallograi^ic  char- 
acter, stich  as  cleavage,  parting,  elongation,  crystal  edge  or  twin- 
ning plane. 

Uniaxial  minerals  and  those  of  the  orthorhombic  system  gen- 
erally show  extinction  parallel  to  at  least  one  crystallographic 
feature. 

Monoclinic  crystals  give  oblique  extinction  in  all  sections  except 
those  of  the  zone  perpendicular  to  the  plane  of  symmetry. 

Triclinic  crystals  give  oblique  extinction  in  all  sections. 
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PART  II. 
DESCRIPTION  OF  MINERALS. 

Introduction.  The  minerals  are  arranged  in  alphabetical 
order,  so  far  as  practicable.  Many  minerals,  which  bel(»i^  in 
natural  groups  characterized  by  similar  chemical  and  physical 
characters,  are  described  to  better  advantage  by  consideration  of 
the  group  as  a  whole.  In  such  cases  they  are  to  be  found  by 
referring  to  the  group  name  in  its  alphabetical  position.  Varieties, 
and  some  rare  and  imperfectly  known  minerals,  are  briefly  de- 
scribed in  connection  with  the  more  important  species  to  which 
they  are  related.  As  an  additional  guide  cross  references  are 
introduced. 

The  description  of  each  mineral  is  given  in  the  following  order : 

Name. 

Crystal  system  (and  axial  ratio). 

Chemical  composition  (Comp.),  usually  expressed  merely  be  a 
formula. 

Physical  characters  (Phys.  Chab.),  including  crystal  habit, 
twinning,  cleavage,  hardness  (H),  specific  gravity  (G),  pyro- 
gnostic  characters,  and  solubility. 

Optic  properties  (Opt.  Prop.),  including  optic  orientation, 
refringence,  birefringence,  sign,  optic  angle,  dispersion,  color, 
pleochroism,  and  absorption. 

Inclusi<nis  (Incl,). 

Alterations  (Alter.). 

Occurrence  (Occur.). 

Diagnostics  (Diag.). 

In  the  description  of  each  group  of  minerals  the  order  adopted 
is  essentially  the  same  as  that  outlined  above,  with  the  addition 
.  of: 

Gassification  (Class.). 


^dbyGoOgk' 


ALUNITE^AMBLYGOMTE.  103 

ACMITE,  see  pyroxene  group.  ACTINOLITE,  see  amphibole 
group.  ADAMITE,  see  olivenite.  ADELITE,  see  wagnerite.  .SNIG- 
HATITE,  see  amphibole  group.  .ffiRINITE,  see  chlorite  group. 
ALBITE,  see  feldspar  group.  ALLACTITE.  see  flinkite.  ALLAN- 
ITE,  see  cpidote  group.  ALMANDITE,  see  garnet  group. 

ALUNITE. 
Rhombohedral  c=  1.252  KjAlgS^Oji+eHjO 

Plivs.  Char.  Crystals  rhombohedral,  sometimes  re- 
sembling cubes;  often  fibrous  to  lamellar.  Very  easy  cleavage 
1 1  0001.  Sometimes  much  flattened  parallel  to  the  base. 
G.  =  2.58  to  2,75.    H.  =  3.5  to  4.    Infusible.    Soluble  in  HjSOj. 

Opt.  Prop.  '  Uniaxial ;  positive.    The  flattening  parallel 
to  the  base  produces  an  apparent  elongation  in  vertical  sections 
which  is  negative,  and  shows  parallel  extinction.    Colorless. 
««=  1-592     np=  1.572 
ttf  —  »p  —  0.018  -  0.020 

Occur.  Alunite  is  found  in  rhombohedrons  often  bor- 
dered with  opaque  inclusions,  or  in  lamellar  masses,  as  an  alter- 
ation product  of  acid  volcanic  rocks  by  means  of  sulphurous 
vapors.  Also  probably  sometimes  produced  by  the  action  of 
sulphated  meteoric  waters  upon  feldspathic  rocks. 

DtAG.  Differs  from  brucite  in  occurrence  and  associa- 
tion ;  also  has  inferior  cleavage  and  non-flexible  lamellae.  Distin- 
guished from  sericite  by  the  sign  of  the  elongation  (or  direction 
of  lamination). 

AHARANTITE,  see  copiapite. 

AUBLYGONITE. 

TtticLiNic  a:b:e::  0.245 :  i ;  0-461  (UNa)  [AI{F.OH) ] PO, 

o:=68'   4/  ^  =  98°   44'   7  =  85"    52' 

Phvs.  Chak.  Crystals  coarse,  indistinct.  Easy  cleavages  || 
001,  and  no.'  Polysyntbetic  twinning  common  in  two  directions  nearly 
at  right  angles  in  sections  ±  001  and  no.  The  composition  faces 
nearly  bisect  the  angles  between  the  easy  cleavages.     Soluble  in  H.SO,. 

Opt.  Prop.  The  axis  X  coincides  very  nearly  with  the  direc- 
tion of  the  intersection  of  001  and  iTo.  The  plane  containing  Y  and  X 
makes  an  angle  of  23°  with  OOi  in  the  obtuse  angle  001  r  iTo  measured 
in  a  section  normal  to  001  and  ifo.  Dispersion  of  the  axes  weak  with 
p^f.      Inclined  di^>ersjon  distinct  and  crossed  dispersion  strong. 

■Dbdb adopt! ■nothafDDdamcnUlform.    HiaOOl  ^00].  100=  ltO.BiidriO=  TTo. 
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(— )  2^  =  50' -55' 
",  =  1-597  «m  =  '593  «p  =  1-578 

«j  —  «p  =  O.0I9 

Color  white,  or  of  pale  tint.     Streak  white.     Colorless  hi  thin 

OccuK.  Foilnd  in  pegmatite  dikes,  coarse  alt»te  granites,  etc 
Rare.    Large  liquid  inclusions  are  numerous. 

Hontebr&zite  or  hebronite  is  like  amblygonite,  but  contains  more 
hydrooryl  and  less  sodium.    The  optic  plane  occupies  the  position  of  the 
plane   (in  amblygonite)  containing  X  and   Y.     The  dispersion  of  the  axes 
is  weak  with  p<r;  horizontal  and  inclined  dispersion  also  weak. 
(-)  2V  =  so'-go' 
ttj  =  1.620  n„  ~  1.61 1  tip  =  1.600 

Durangite  |  Na[{AI.Fe)F] AsO,  }  is  chemically  related  to 
amblygonite,  but  it  is  monoclinic  with  a:b:c::  0.773 : 1 : 0.S25  and  p  =  64° 
47';  crystals  pyramidal.  Oeavage  distinct  ||  110.  Color  orange- red ; 
colorless  to  pale  yellow  in  thin  section.  H.  =  5.  G.  =4.  Fusible  at  a. 
Decomposed  by  H^SO^.  Optically  negative ;  the  plane  of  the  optic  axes 
is  normal  to  010:  X  Ac  — —  25".  Optic  angle  large.  2H  =  8o*  49'  Na; 
axial  dispersion  weak,  p>f;  horizontal  dispersion  distinct.  Very  tare. 
Found  in  a  tin  mine. 

DiAG.  Amblygonite  is  characterized  by  moderate  relief  and 
birefringence,  asymmetrical  extinctions,  two  good  cleavages,  and  frequfnt 
polysynthetic  twinning  in  two  directions. 

Amphibole  Group. 
The  minerals  of  the  amphibole  group  are  orthorhombic,  mono- 
clinic,  and  triclinic   silicates  of  ma^esium,  calcium,   iron,    or 


sodium,  with  aluminum  or  ferric  iron  i 
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Phys.  Char,  Crystals  prismatic  usually  elongated  par- 
allel to  c.  Very  marked  and  r^ular  cleavages  parallel  to  the  prism 
faces  no  and  iTo.  Qeavage  angle  varies  little  from  124°  in 
all  species  except  senigmatite  in  which  it  is  114*.  Twinning 
common  1 1  100,  sometimes  multiple.  G.  ^=  2.9  -  3.55.  H.  =  4.- 
6.5.     Fusible  at  4-6.     Insoluble  in  acids,  except  slowly  in  HF. 

Opt,  Prop,  The  optic  plane  is  parallel  to  010  in  the 
nrthorhombic  and  monocHnic  amphiboles,  and  varies  only  slightly 
from  the  same  position  in  the  triciinic.  In  the  monochnic  amphi- 
boles the  axis  Z  makes  an  angle  with  the  vertical  crystallographic 
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axis  which  varies  from  0°  to  22°  except  in  the  uncommon  species 
that  are  rich  in  sodium  (e.  g.  arfvedsonite) .     The  elongation  is 
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therefore  positive  in  the  conunon  species.  See  figure  2.  The  aver- 
age refringence  is  less  than  that  of  the  pyroxenes ;  it  increases  with 
the  increase  of  iron.  The  birefringence  of  the  common  varieties 
is  about  0.020  to  0.025,  '^"t  in  grunerite  and  ferriferous  horn- 
blende it  is  much  more.  Amphiboles  in  thin  section  are  green, 
brown,  yellow,  blue,  or  colorless.  Pleochroism  is  usually  distinct, 
and  is  intense  in  the  ferriferous  varieties.  In  the  cconmon  vari- 
eties the  absorption  is  greatest  parallel  to  Z  and  least  parallel 
toX. 

Alter.  Amphiboles  alter  readily  to  chlorite,  biotite,  ser- 
pentine, epidote,  calcite,  talc,  etc.  The  alteration  to  chlorite,  bio- 
tite, serpentine,  or  talc  is  a  gradual  process,  usually  beginning 
along  the  edges  and  the  cleavages  of  the  amphibole,  and  sometimes 
continuing  until  no  trace  of  the  original  mineral,  except  perhaps 
its  form,  is  to  be  found.  Under  the  action  of  intense  heat,  as,  for 
instance,  when  fragments  of  amphibole  crystals  are  caught  in 
■  volcanic  rocks,  the  mineral  is  often  rounded,  corroded,  and  more 
or  less  fused.  Upon  cooling  the  am^^ibole  does  not  recrystallize ; 
in  its  place  appear  grains  of  magnetite,  microlites  -of  augite,  or 
an  aggregate  of  these  two  minerals. 

Occur,  Amphiboles  are  found  in  all  classes  of  eruptive, 
and  in  many  metamorphic,  rocks.  In  some  cases  they  are  suffi- 
ciently abundant  to  constitute  rocks,  with  other  minerals  so  subor- 
dinate in  amount  as  to  be  merely  accessory,  Amphiboles  are  often 
formed  by  the  alteration  of  pyroxenes. 

DiAG.  Amphiboles  are  to  be  distinguished  from  pyr- 
oxenes thus: — 


Amphiboles. 

Pyroxenes. 

Cleavage   angle    about    124°. 

Cleavage  angle  about  93°. 

Crystals    usually   long    prismatic. 

Crystals    usually    short  prismatic. 

Color     and      pleochroism      usually 

Color     and     pleochroism     usually           1 

marked. 

weak. 

Maximum   extinction   angle   o'-as" 

Maximum    extinction   angle    o'-gs" 

(except  arfvedsonite,  etc.,  which 

(common  species  30''-54°) 

have  marked  pleochroism  in  blue, 

green,   and   yellow   tints.) 

Most   species   negative. 

Most   species   positive. 

Alter  to  chlorite,  etc. 

Alter  to  amphibole.  etc. 

Cl.ass.     The   amphibole   group   includes   the   following 
species : 

Orthorhombic 
Anthophyllite  (Mg.Fe)  SiO . 

Gedrite  (Mg.Fe)SiO,  with  (Mg,Fe)AljSiO,^ 


:,..J.AA)1>^1C 


ANTHOPHYLLITE. 


C  Tremolite 

I  Actinolite 

Noo-alumlnouB  j  TK-u.-rite 

umphlboleB      <  KJcmeriie 


■  J  Richi 
Cum 


p  Edenite  ~) 

j  Pai^asite  m 

Hornblende  J  Common  hornblende  y  z 
I  Basaltic  hornblende  )  : 
l^  Barkivikite  J 

KatoEorite 

Arfvedsoniie  (Naj,Ca,Fe),Si,0,, 

Riebeckite 

Crocidolite 

Glaucophane 


CaMK,iSiO,), 

CaClig,Fe),(SiO,), 

C  K  j.Naj.Mg.Ca.Mn )  SiO^ 

(Fe,Mg)SiO, 

FeSiO, 


;Ca(Mg,Fe),(SiOj), 

:  «(Mg.Fe)^(Al.Fe),Si,0,j 

r^Na  Al,(SiO,), 


+  (Ca,Mg)j(A!.Fe),,SijO,, 

2NaFe(SiO,)j.FeSiO'^ 

NaFe(SiO,),.FeSiO' 

NaAI(SiOj),,(Fe,Mg)SiO.! 


Na,Fe,(AI,Fe),(Si,Ti),^0^, 


ANTHOPHVLLITE 


ANTHOPHYLLITE. 

Oktiiorhohbic  fl:6:f  ::o,5i37t  I :  ?  (MB.Fc)SiOj 

Phvs.  Chak.  Crystals  prismatic,  rare.  Commonly  fibrous,  long 
prismatic,  or  lamellar.  Perfect  prismatic  cleavage  at  an  angle  of  125°±. 
Cleavage  or  parting  1|  oio  and  too  in  traces.  Occurs  in  regular  growths 
with  hornblende  and  bioiite.  G.  =  3.I-3-2-  H.  =  S-S-6.  Insoluble.  Diffi- 
cultly fusible. 

Oft.  Prop.  The  oplic  plane  is  parallel  to  Oio;  Z  is  parallel  to 
the  vertical  axis,  and  the  elongation  is  therefore  positive,  like  the  mineral 
itself.  The  extinction  is  always  parallel.  The 
angle  of  the  optic  axes  is  large  and  variable. 
Dispersion  p  <  w . 

(+)  2^  =  84"  + 
».  =  1.657  »^  =  1.642  n^  =  1.633 


Color  brown  to  green.  No  pleochro- 
color  in  thin  section.  In  thick  sec- 
pleochroism  is  as  follows ; — 

E  —  yellow   or  pale  green 
Y  ■=  brownish 
X  =  brownish 
Alter.     Amhophylli 
o  talc,  bast  it  e,  etc. 
OccuK.     Found  in  va 
secondary  product, 


and    also, 
rocks. 


;  alters   rather 


schists, 

eruptive 


in- 
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Dug.    The  orthorhombk  amphibolea   are  easily  distinguished 
from  the  monoclinic  by  their  parallel  extinction  and  absence  of  color. 


Orthokhomhc 


0:6: 


GEDRITE. 

:::o.S2ig:  1:0.217 


Similar  to  anthophyllite,  but  contains  alumina 
and  more  iron.  Further  it  is  negative,  with  p  >  v.  The 
angle  of  the  optic  axes  is  large  and  variable. 

(-)  2y  =  7»'± 

n,=  i.644  *i„=i.636  m^— 1.623 
«,— «p  =  ao2i  to  0.023 

Gedrite  often  contains  inclusions  of  biotite, 
spinel,  zircon,  etc.;  it  sometimes  contains  inclusions  like 
those  giving  the  name  to  bronzite. 

In  chemical  composition  and  in  Optical  char- 
acters there  is  a  gradation  from  anthophyllite  to  ged- 
rite. As  the  alumina  (or  second  molecule  above)  in- 
creases the  optic  angle  about  Z  increases ;  when  it  passes 
90°  the  sign  changes.  At  the  same  tin»e  the  refrin' 
gence  and  Mrefringence  decrease  slightly. 


(Mg,Fe)SiO,  with 
tMg,Fe)Al,SiO„ 


f 

'1 

1 

1 

FlB.   4. 

Optical    orientation 

of  redrtta. 


TREHOLITE. 

M0KOCI.INIC  a:b:  c::  0.5415: 1:0.; 


TBtMOLiTC 


aMg,(SiO,)« 

Phys.  Char.  Crystals  long  bladed  or  short  prismatic ; 
often  acicular  to  fibrous.  Perfect  prismatic  cleavage  at  an  angle 
of  124°  11';  cleavage  sometimes  distinct  ||  100  and  010. 
Transverse  fracture  frequent.  G.  :=  2,9-3.1.  H.  =  5,-6.  Fuses  to 
a  white  glass  or  gray  mass.    Insoluble  in  acids. 

Opt.  Prop.     The  plane  of  the  optic  axes  is  parallel  to 
010.  ,  The  acute  bisectrix  is  negative,  making  an  angle  of  72° 
to  74°  with  the  vertical  axis.    The  maximum 
extinction  angle  in  the  vertical  zone  is  there-* 
fore  i8''-i6°.    The  elongation  is  positive.   Dis- 
persion, p  <v,  weak. 

(— )  2K  =  8o°  to  88° 

«„  =  1.6340  n„  —  1.6233  n,  =  1.6065 

«g  —  tip  =  0.0275 

Colorless,  white,  gray  or  yellow. 
Colorless  in  thin  section. 

Incl.  Tremolite  of  the  metamor- 
phic  rocks  often  contains  inclusions  of  carbo- 
naceous matter,  or  of  biotite,  which  give  it 
various  colors. 

Alter,     The  alteration  of  tremolite 
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to  talc  usually  begins  along  the  cleavage  planes.  It  also  alters 
sometimes  to  calcite. 

Occur.  It  is  found  in  schists,  in  veins,  and  in  contact 
rocks ;  ^Iso  in  eruptive  rocks  as  an  alteration  product. 

Asbestus  of  commerce  is  a  fibrous  mineral  which  may 
be  either  tremolite,  actinolite,  or  chrysotJle;  the  best  asbestus  is 
a  variety  of  chrysotile. 

Jade  is  a  tough  compactly  interlaced  fibrous  mineral, 
white  to  dark  green  in  color,  used  by  early  man  for  ornaments. 
It  is  usually  tremolite  or  actinolite;  sometimes  it  is  jadeite,  one 
of  the  pyroxenes. 

DiAG.  Tremolite  is  distinguished  from  hornblende  by 
the  absence  of  alumina  and  of  color ;  also  it  has  different  etching 
figures  on  cleavage  faces.  WoUastonite  has  its  optic  plane  per- 
pendicular to  its  elongation,  which  is  therefore  of  variable  sign. 
Tremolite  has  the  lowest  index  of  refraction  found  in  the  mono- 
clinic  amphiboles. 


ACTINOLITE. 


MONOCLINIC 


ACTINOLirC 


o:&:c::  0.5415: 1:0.2886      Ca(Mg,Fe),CSiO,)^ 
p  =  74°  48' 
Phvs.  Chak.     Similar  to  tremolite,  but  daricer  in  color 
and  higher  in  specific  gravity  on  account  of  the  presence  of  iron. 
G.  :=  3.1  to  3.2.    Fusible  to  a  gray  enamel.    Insoluble  in  acids. 

Opt.   Prop.     Similar  to  tremolite,  but 
the  maximum   extinction   angle  in   the  vertical 
zone  is  15°,  and  the  mineral  is  colored  and  pleo- 
chroic.     Dispersion  weak  with  p  <v. 
(— )  21^  =  75'  to  80°. 

H,  =  1.636   Kb  =  1.627   Mp  =1.611 
«, »«p  =  0.025 

Color  usually  pale  to  dark  green.  In 
thin  section  the  intensity  of  the  color  and  of  the 
pieochroism  varies  with  the  percentage  of  iron 
present.  Tremolite  contains  less  than  three  per 
cent,  of  FeO;  actinolite  varies  in  iron  content 
from  this  amount  to  twenty  per  cent,  or  more. 
The  pleo'chroic  formula  follows: — 

Z  =  pale  to  dark  green 

Y  =  greenish  yellow 

X  =  very  pale  yellow 


FtK.   «■ 

Optica]    orlentatinn 

"  aclinolllA. 
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Incl.     Similar  to  tremolite. 

Alter.     Actinolite  alters  to  chlorite,  epidote,  talc,  etc. 

Occur.  Actinolite  and  tremolite  have  the  same  mode 
of  occurrence  and  are  often  associated. 

Uraiite  is  a  name  given  to  amphibole  which  is  produced 
by  the  alteration  of  pyroxene.  It  is  usually  actinolite,  though  it 
may  also  be  tremolite,  or  even  hornblende. 

DiAG.  Actinolite  is  distinguished  from  hornblende  by 
the  absence  of  alumina,  and  by  different  etching  figures  on  cleav- 
age faces.  Epidote  has  its  optic  plane  perpendicular  to  the 
cleavage. 

RICHTERITE. 
MoNOCLiNic  a:b:c-:  o,5499 :  ' ;  0.2854  {Kj,Naj,Mg,Ca,Mn)  SiO ^ 

p  =  7S°  46' 

Similar  to  tremolite,  but  contains  alkalies  and  manganese.    G.^^^ 

2.8-3.1.    The  maximum  extinction  angle  in  the  vertical  zone  is  17°  to  ao". 

Optic  angle  large.    Disptrsion  weak,  p<v. 

(—)  zF^So" 

»t,=  i.64  «„  =  i.63  «,=  i.62 

Hg  —  rtj,  —  0.024 

Color  brown  to  yellow;  rarely  rose  red  or  blue  to  grayish 
violet.  Pleochroisra  weak  in  thin  section  with  Z  yellowish  brown,  Y  color- 
less, X  pale  yellowish. 

Richterite  occurs  in  rare  alkaline  rocks  in  Sweden.  It  is  dis- 
tinguished by  its  pjeochroism,  and  by  the  presence  of  alkalies  and  man- 

CUMMINGTONITE. 
KfoNOCLiNic  ( Fe.Mg)  SiO  J 

Identical  with  anthophyllite  in  composition  and  similar  to  actin- 
olite in  physical  and  optical  characters.     G.  -^  3-1-3-3. 

Opt.   Prop.    Optic  angle   large, 
persion   p<^v.     The   maximum    extinction    angle 
in  the  vertical  zone   (Z  a  r>  is  -I-  14°   to 
(_)  2V  =  78"  ± 


Cummingtonite  is  only  slightly  colored 
section,  and  the  pleochroism  is  weak. 
Z  — clear  brownish  yellow 
Y  —  very  pale  yellowish 
X  z^  very  pale  yellowish 
Dannemorite    islikecuniTningtonite.  but 
some  manganese.     It  occurs  in  scales  or 
needles.     G.  =  3.4,     Difficultly  fusible     Insoluble, 
The   maximum    extinction   angle   in   the   vertica! 
zone  is   about   14°.     Optic  angle  large;   negative. 
Sometimes  colorless;  also  colored  and  pleochi 
Rare. 


CUnniNGTONITC 


C.u:,..J.AA)1>^1C 


GRUENERITE—HORNBLENDE . 


CnuNCRITC 


DiAC  Cummingtonite  is  distinguished  from  antho[rfiytlite  by 
its  optical  characters,  and  from  actinolite  by  greater  density  and  absence 
of  calcium.    It  is  rare. 

GRUENERITE. 
MONOCUNIC  ^^SiO^ 

Fhvs.  .Char,  Crystals  rare;  usually  in  fibrous  or  lamellar 
masses.  Perfect  prismatic  cleavage  |1  1 10.  Twinning  ||  loo  very  poly- 
synthetic,    G.  —  3.7dz.    Fusible  to  a  black  magnetic  glass. 

Opt.  Prop.  The  optic  plane  is  parallel  to  OlO,  and  the  negative 
acute  bisectrix  makes  an  angle  of  7S°  to  79°  with  the  vertical  axis.  The 
maximum  extinction  angle  in  the  vertical  zone 
fore  15°  to  11°.  The  birefti-ogence  is  the  sirongest 
known  in  the  amphibole  group  with  the  single  excep- 
tion of  the  dark  basaltic  hornblende.  The  optic  angle 
is  targe.    Dispersion  p  >  w,  with  weak  inclined  disper- 

{— )■  aF  =  so"  ±  (2£  =  95°  ± ) 

»n,=  «73 
It,  —  »»p  =  0.056 

Color  brown.     Luster  silky.     In   thin   section 
the  pleochroism  is  weak  with, 

Z  ^  pale  yellow  to  brownish 
Y  =  colorless 
X  =  colorless 
Occur.  Found  in  micaschists  in  Europe;  also 
in  hi^ly  altered  Tocfcs  of  the  Lake  Superior  region.  inr-UneH".'"'" 

DiAG.     Distinguished  from  other  amphibofcs  by  its  strong  bire- 
fringence and  multiple  twinning.     But  the  birefringence  is  only  0.030  in 
■  1  the  Lake  Superior  region  according  to  Lane. 


HORNBLENDE. 


MotJOCLINIC 


c::  0.5509: 1:0.2937     mCa(Mg,Fe)a{SiO.), 
^  =  73°  58'     ±«(Mg,Fe),(Al,Fe),SiA2 
±/rNajAl,(SiO,). 
Phys.  Char.    Usually  elongated  parallel  to  the  vertical 
axis,  sometimes  in  short  well-formed  crystals;   also  sometimes 
fibrous.     Cleavage  perfect  ||   no,  making  an  angle  of  124°   11'. 
Cleavage  sometimes  distinct   ||    100  and  010.     Parting  not  in- 
frequently  present    |I    100   or   001,    accompanied    by    polysyn- 
ihetic  twinning.    The  specific  gravity  varies  from  3.  to  3,47,  in- 
creasing with  the  percentage -of  iron.     Thus,  for  edenite,  parga- 
site,  and  common  hornblende,  G.  —  3.  to  3.1,  for  basaltic  horn- 
blende, G.—  3.1  to  3.47,  and  for  barkevikite,  G.  —  3.43.     H.  = 
5.5.     Readily  fusible  to  a  greenish  yellow  or  black  enamel.     In- 
soluble in  acids. 
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Opt.  Prop,  The  plane  of  the  optic  axes  is  parallel  to 
DID,  in  which  face  Z  makes  a  variable  angle  with  the  vertical 
crystaliographic  axis  in  the  obtuse  angle  jS;  thus,  it  is  0°  to  lo" 
in  basaltic  hornblende,  12°  to  14°  in  barkevikite.  and  15°  to  25° 
1  hornblende,  pargasite,  and  some  brown  hornblendes. 


The  acute  bisectrix  is  negative  ( X)  in  all  varieties  of  hornblende, 
except  pargasite,  in  which  it  is  positive.  The  angle  of  the  optic 
axes  varies  from  59°  in  pargasite  to  84°  in  common  hornblende. 
The  refringence  and  birefringence  vary  together,  increasing  with 
the  percentage  of  iron  until  in  basaltic  hornblende  we  have  the 
strongest  birefringence  found  in  the  amphibole  group. 
( — )  21^  =  84°  in  common  hornblende;  extinction  angle  of  20°. 
( — )  2F^79°  in  basaltic  hornblende;  extinction  angle  =  i°-2°. 
(  +  )  2F  ^  59°  in  pargasite;  maximum  extinction  angle^iS" 
n,  «„  «„      «,  — »„ 

Pargasite     1,632 

Common  hornblende   i.6s3 

Sorelite  >    1.683 

Basaltic  hornblende  1.708 

Basaltic  hornblende  1753 

The  inclined  dispersion  is  distinct,  with  f>  <.v,  except  in 
pargasite  where  one  finds  p  >  v. 

Colorless,  gray,  green,  greenish  blue,  brown,  or  black. 
The  pleochroism  is  always  distinct  except  in  varieties  (edenite) 
which  are  nearly  or  quite  colorless.  '  It  is  generally  more  intense 
in  brown  hornblende  than  in  green.  The  pleochroic  tints  are 
numerous,  but  they  all  fall  in  the  green,  brown,  and  yellow  cate- 
gories.   The  absorption  formula  is  Z  >  Y  >  X  in  all  varieties. 

■  Horublende  vtlh  nbnudBnt  iron.      Sun.  Soc  Fr.  Vtn,   1003.  XXVI.  p.   126. 


.643 

1.629 

0.024 

.673 

1.661 

0.022 

.60s 

1.677 

0.031 

■725 

1.680 

0.072 
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HORNBLENDE. 


X 

Y 

Z 

Common  hornblende 

pale  xreen 
DIulBh  green 
dark  olTve  Breen 

pale  brown 

clear  brown 

clear  green 

clear  yoJlow 

Common  hornblende 

dark  browniBb 

green 
dark  brown 

clear  brownish 

yellow 
clear  yellow 

dark  browniab 

CPRimon  hornblende 

re^wl  yellow 

brownish  yellow 

almost  colorless 
»ile"°rlenlsh 

Sorfttite 

dttTk  green  or 

green  or  brown 

pa?e  b™n  or 

Basaltic  hornblende 

darlt  brown 

dark  brown 

yellow 

BiipaltlP   hornblende 

dark  green 

greenish  yellow 

1ia»m(^  b  urn  blend  u 

reddish  brown 

clear  brown 

pale  yellow 

Tlarlcevlklte 

reddish  brown 

brownish  yellow 

Barkevlklle 

vI^l^UB  -hades 
of  green 

clear  green 

greenish  yellow 

Incl.  Hornblende  has  many  inclusions,  but  none  that  are 
characteristic.  Vitreous  inclusions  occur  in  hornblende  of  the 
volcanic  rocks;  rutile  is  common  in  hornblende  of  the  metamor- 
phic  rocks ;  ferruginous  inclusions  are  not  rare. 

Alter.  By  ordinary  alteration  hornblende  passes  into 
chlorite,  sometimes  accompanied  by  epidote,  calcite,  siderite, 
quartz,  *tc.  Less  commonly  hornblende  alters  to  biotite,  or  to 
biotite  and  epidote.  Still  more  rarely  the  alteration  product  is 
titanite.  By  the  action  of  heat,  and  through  refusion,  hornblende 
is  transformed  into  augite,  often  accompanied  by  magnetite,  and 
occasionally  by  microlitic  feldspars. 

Occur.  Hornblende  occurs  in  igneous  rocks,  in  con- 
tact rocks,  and  in  ordinary  metamorphic  rocks.  It  is  especially 
abundant  in  many  basic  igneous  rocks,  and  in  hornblende  schists. 

Lacroix  {Nouv.  Arch.  Mtu.  IX.  1907.  p.  89)  has  recently  de- 
scribed a  variety  of  hornblende  in  the  rocks  of  Vesuvius  with  some  un- 
usual characters.  It  has  an  extinction  angle  (Z  A  c)  in  oio  of  +33°- 
The  optic  angle  (aF)  about  the  positive  bisectrix  is  very  large;  the  pleo- 
chroic  colors  are  Z  yellowish  green,  Y  brownish  yellow,  X  pale  yellow, 
with  Y  >  or  ^  Z  >  X.  The  birefringence  is  only  0.O14.  Chemically  the 
variety  is  characterized  by  high  ferric  iron  (and  titanic  acid),  and  low 
alumina  :  it  is  also  rich  in  magnesia  and  soda. 

DiAG.  Hornblende  is  characterized  by  high  relief,  rather 
high  (or  very  high)  interference  colors,  cleavages  making  an  angle 
of  124°,  small  maximum  extinction  angle  in  the  vertical  zone  (o' 
to  25°),  and  distinct  green  or  brown  color  (except  edenite)  with 
strong  pleochroism. 
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KATOFORITE. 

MoNOCLiNic  Composition  ? 

Phvs.  Chak.  Similar  to  hornblende  in  physical  characters,  but 
distinguished  from  it  by  optical  properties.  Katoforile  probably  contains 
considerable  soda,  and  perhaps  also  titanic  acid. 

Ott.   Prop.     The  plane  of  the  optic  axes  is  parallel  to  Oio,  in 
which  the  axis  Z  makes  an  angle,  varying  from  30°  to  60°,  with  the  ver- 
tical cryslalloffraphic  axis  in  the  obtuse  angle  j8- 
(— )  sE  —  to' 


Variable  optical  orientation  oF  katoCoiite. 

The  absorption  is  quite  characteristic  with   Y  >  Z  >  X.    The 
pleochroic  colors  are  also  somewhat  characteristic,  as  follows: — 
Z  =  yellow,   slightly  greenish 
Y  —  violet  or  violet  red 
X  =  brownish  yellow 
Occur.      Katoforite    is    found    in   acid    alkaline   igneous    rocks. 
Rare. 

DiAG.  It  is  characterized  by  cleavages  making  an  angle  of  laj", 
a  maximum  extinction  angle  in  the  vertical  zone  exceeding  30'  and  less 
than  60°,  and  maximum  absorption  parallel  to  Y  (that  is,  perpendicular 
to  the  elongation). 

ARFVEDSONITE. 

MoNOCLiNic  o;fc;  c::o.5496:  1:0.2975  (Naj.Ca,Fe)jSi,0,j  with 

p  =  75°  44'  (Ca.Mg)^(Al.Fe),Si,0„ 

Phys.  Chak.  Crystals  long  prismatic,  sometimes  Waded.  Sim- 
ilar to  hornblende  in  physical  characters,  but  contains  considerable  soda 
and  iron.     G.  =  3.45.     H.  =  6.     Fusible  at  2  with  intumescence.     Insoluble. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to  OiO  as  in 
hornblende,  but  the  axis  X  is  more  nearly  parallel  to  the  vertical  crystal- 
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ARFVEDSONITE—RIEBECKITE. 


lograpliic  axis  than  the  axis  Z.    Therefore  the  < 
maximum  extinction  angle  in  the   vertical  zo 
14°.     The  optic  angle  is  very  large. 
( — )    zV  =  very  large 
n,=:i.^  n„=  1.707   np=  1.687 

n,—  »p  =  0.021 
Color  blue   to  black.     The  absorpti 
always  X>Y>Z,  and  the  pleochroism  is  ii 
in  blue  and  green  tints,  as  follows ; — 
Z  :^  pale  greenish  yellow 
Y=  lavender  blue 
X  ^  deep  greenish  blue 
Alter.     Arfvedsonite  alters 
mite  or  green  a^gyrine  with  icpidomelane,  often  with 
separation  of   iron   oxides   and   carbonate. 

Occur.      Arfvedsonite    occurs    in    igneous 
rocks  rich  in  soda,  such  as  nepheline  syenites. 

DiAG.     It    is  characterized    by    negative 
elongation,  peculiar  pleochroism  and  absorption,  and 
:inction    angle    (14°)    in    the    vertical 
;  chemically,  it   is   richer  in   sodium  than  hornblende. 


ARrVCDSONITC 


I  brown  ac- 


llijf 

B 

□f  artvedEOnlte. 


RIBBECKITE. 


MONOCLINIC 


i:b:c 


2NaFeSi,0,.FeSiO, 


J  parallel  to  010,  ir 
ical  crystallographic 


RICBCCKITC 


:  0.5475:1:0.2295 

^  =  76"  10' 
Phys.    Chas.     Crystals  prismatic,   vertically   striated ;     rarely 
fibrous.     Similar  to  hornblende  in  physical  characters,  but  contains  much 
soda  and  iron.     H.  ■=  4'    G.  =  3,44.  • 

Opt.   Pbop.     The  plane  of  the  optic  axe! 
which  the  axis  X  makes  ^n  angle  of  5°  with  the  v 
a-vis   in   the   acute  angle  p.     Therefore   the   elonga- 
tion is  negative.     The  optic  angle  h  very  large  and 
the  optic  sign  is  positive.     The  birefringence  is  not 
strong;   the   intense   color  and   pleochroism   together 
with  the  strong  dispersion  prevent  precise  measures 
of  the  refringence  and  optic  angle. 
(-h)   2i'~very  large 
«^>  1-687  »p<  1.687 
«g  —  "p  =  0.005 
Color  dark  blue  to  black.    The  absorption 
is   X  >  Y  >  Z.   and  the  pleochroic  colors  are; — 
Z  =  yellowish  green 
Y  =  blue 
X  =  dark  indigo  blue,  nearly  black 

Occur.  Riebeckite  occurs  in  sodic  ig- 
neous rocks,  and  in  some  metamorphic  rocks. 

DiAG.  If  is  characterized  by  intense  pleo- 
chroism, intense  color,  strong  dispersion,,  and  nega- 
tive elongation.    The  strong  dispersion  and  deep  color  make  it  difficult  t 
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determine  the   sign  of  the  elongation,  which  i 
the  mineral  from  glaucophane. 


imiKirtjint  to  diitinguikh 


CROCIDOLITE. 


NaFeSi,0,.FeSiO, 
riebeckite  in  physical  characters;  rich 


CR0C1D0LITC 


in  soda  and  iron.     U.sually  librous.  sooietimes  i 
interlaced     G.  =  3.2-3.3-     H.  =  4.     FunUe   eaiily 
with  intumescence.    Insoluble. 

Opt.  Pkop.  The  plane  of  the  optic  axes 
is  parallel  to  oio.  in  which  the  axis  X  makes  an 
angle  of  l8°  to  21°  with  the  vertical  crystallogtaphic 
axis  in  the  acute  angle  ^.  The  optic  angle  is  large, 
and  the  sign  is  positive. 

(+)  2£  =  9S°  about 

»,  — «p  =  002S 

Color  dark  blue.  The  pleochroism  is  very 
distinct  and  somewhat  variable ; — 

^  ::^  nearly  colorless  yellow 

Y  r=  violet  blue 

X  =  greenish   blue  to   Sfa  green 

OccuK.  Crocidolite  seems  to  be  always 
of  secondary  origin.  It  is  found  both  in  igneous  and 
metamorphic  rocks. 

DiAG.     It  is  characterized  by  negative  elongation,  large  optic 
angle,  pleochroism,  and  maximum  extinction  angle  in  the  vertical  zone. 


GLAUCOPHANE. 
MoNocLiNic      a:b:  c-.:o.S3:  i  :o.29      NaAlSi,04.(Fe,Mg)SiO, 

Phvs.  Chab,  Similar 
to  hortibtende  in  physical  char- 
acters ;  rich  in  soda  and  iron.  G. 
=  3.-3.14.  H.  =  6.-6.5.  Readily 
fusible.  Insoluble. 

Opt,  Prop.  The  plane 
of  the  optic  axes  is  parallel  to 
010,  in  which  the  axis  Z  makes 
an  angle  of  4°  to  6°  with  the 
vertical  crystallographic  axis  in. 
the  obtuse  angle  ^.  The  bire- 
fringence is  somewhat  variable. 
The  optic  sign  is  negative.  Dis- 
persion p^v  strong. 


coptiane   <1Sb)   and   ot  Blau- 

cophane   sredlng   toward 

hornblende  <16b). 
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(— )  2£  =  44'  to  so° 

«,  =  1.6390 

n„=  1.638 1 

«,  =  1.6212 

M,  —  Wp  =  0.018  to  D.022 

Color  lavender  blue  to  bluish  black.     The  pleochroism 

of  glaucophane  is  very  distinct  and  characteristic,  but  at  the  same 

time    it   is   quite   variable   in   intensity,   and   sometimes   in   tint 

parallel  to  Z.     The  intensity  of  the  pleochroism  seems  to  vary 

directly  with  the  content  of  iron.    The  colors  are: 

Z  =  lavender  blue  to  dark  Prussian  blue 

Y  =  violet  blue  violet  blue 

X  ^  colorless  or  yellowish  to  clear  greenisli  yellow 

Alter.  Glaucophane  seems  to  alter  readily  to  a  green 
sodic  hornblende ;  often  the  transformation  seems  to  be  incom- 
plete, and  then  the  mineral,  which  may  be  considered  an  abnor- 
mal glaucophane,  has  a  maximum  extinction  angle  in  the  vertical 
zone  of  16°,  or  even  20°  or  22°.  Furthermore,  the  color  parallel 
to  Z  changes  to  a  pale  greenish  blue. 

Occur.  Glaucophane  occurs  in  schistose  and  in  altered 
igneous  rocks. 

Crotute  is  intermediate  between  glauc<q>hane  and  riebedcite 
in  composition.  G.  ^=3.16.  The  optic  plane  and  obtuae  bisectrix  Z  seem 
10  b«  normal  to  010  with  Yac—  16°  to  30°  in  the  acute  angle  ^.  The 
optic  angle  is  variable  to  sero,  and  the  dispersion  is  very  strong.  Bire- 
fringence, n^  —  "p  =  0.031  at  most.  Pleochroism  intense  with  Z  dark 
violet,  Y  dark  blue,  X  bright  yellow.  Murgoci  suggests  that  there  is  a 
continuous  series  from  glaucophane  to  crossite,  the  optic  angle  passing; 
through  zero,  the  variation  corresponding  to  variation  in  the  amount  of 
Fej(SiO,)j  present 

DiAG.  Glaucophane  is  easily  distinguished  by  its  blue 
color,  marked  pleochroism,  and  positive  elongation. 

ANIQHATITE   (CoasTrite). 

TaicLiNic  o:b:c.:  0.6778 :  1 : 0.3S06  Na^Fe,(  Al,Fe)j(Si,Ti),,0,, 

n  =  50"  ±   ,8  =  72°   49'  y  ^  90*  ± 

Phys.  Chas.  Crystals  of  Eenigmatite  much  resemble  those  of 
the  monoclinic  amphiboles;  the  chief  difference  is  in  the  angle  iioAiib, 
(the  cleavage  angle)  which  is  114°  q'  instead  of  about  124°  as  in  the  other 
amphiboles.    Crystals  usually  elongated  [|  c.    Twinning  on  oi< 
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s  poly  synthetic.  The  cleavages  ||  no 
and  iTo  are  not  as  perfect  as  in  other  amphiboles. 
G.  =  3.-4-3.85.  H.  =  5.5  Readily  fusible.  Partly 
decomposed  by  acids. 

On.  Prop.  The  plane  of  the  optic  aioes 
is  nearly  parallel  to  010;  the  axis  Z  makes  an  angle 
of  about  45°  with  the  vertical  crysUllographic  axis 
in  010  and  about  4°  in  100.  Th«  acute  bisectrix  is 
positive.  The  refritifpence  is  about  like  that  of  horn- 
blende. 

(+)  2£  — 60°  about 
n,  —  «p  =  0.0064 
Color  black;  streak  reddish  brown.     The 
s  Z  >  Y  >  X,  and  the  pleochroism  is  ex- 


iCNIGMATITC 


absorplio: 


i  folio* 
Z  ^  very  dark  brown 
Y  =  dark  chestnut  brown 
X;=  clear  reddish  brown. 
Occur.     Found  in  nephelinc  syenite  and  similar  rocks.     Rare. 

RhSnitt  [(Mg.Ca,Fe)j(AI,Fe)j{Si,Ti)jO,J  is  isomorphous 
with  Knigmatite,  and  resembles  it  optically.  Crystal  habit  like  horn- 
blende; twinning  on  010.  G.  >3.56;  about  3.58.  Transparent  to  opaque. 
Streak  red  brown.  Optic  plane  inclined  somewhat  to  010  crossing  the 
vertical  axis  from  the  right  below  to  the  left  above.  Extinction  angle  in 
sections  normal  to  c  7°,  measured  on  010.  Extinction  angle  (Z)  in  010 
in  the  acute  angle  B  39°'4io°  from  c.  Retringence  and  birefringence  about 
the  same  as  in  hornblende.  Pleochroism  strong  in  thin  section  with  X 
brown,  sometimes  greenish.  Y  brown,  Z  dark  red  brown  to  black.  Found 
in  basic  igneous  rocks,  especially  basalts. 

DiAO.  Distinguished  by  intense  color,  high  refringence,  absence 
of  parallel  extinction  even  in  sections  parallel  to  too,  and  cleavage  angle. 

ANALCITE,  see  zeolite  group. 

ANAPAITE. 

Tricunic  ii:6;ir::o.87S:  1:0-597. 

p  ^  106"  47' 

Phys.  Char,  Crystals  often  radiated,  elongated  ||  c.  H.  =  3.-4. 
G.  =:  2.81.    Slowly  soluble  in  acids. 

Oft.  Prop.  The  optic  plane  in  100  makes  an  angle  of  15*  with 
c.     "  — I.S7S3-     2£  =  127°  Na.     Color  green. 

Occur.    Found  in  iron  mines.    Very  rare. 

ANDALUSITE  (Cbiutolite). 

Orthoehombic  a:b:  c  1:0.986:  i : 0,702  A!.,SiO. 

Phvs.  Char.    Crystals  always  more  or  less  elongated,  parallel 

to  the  vertical  axis ;  also  columnar  radiated,  granular,  massive.    Cleavage 
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good,  parallel  to  110,  forming  an  angle  of  go°  48';  in  traces  parallel  10  100 
and  Oia  G.  — 3.1-3.2,  H.  =^  7.  Hardness  and  sp«ific  gravity  often 
diminished  by  micaceous  alteration.  Infusible.  InGotuble.  Gives  blue  color 
with  cobalt  solution. 

Opt.  Prop.    The  optic  plane  is  paraltel  to  010,  with  the  nega- 
tive acute  bisectrix  X  perpendicular  to  001. 
(— )  2V  =  i3°  toSs" 
«,=  1.643    ^.=  1.638   n,=  1.633  ANDALUSITE 

«, —  Bj  — o.oii 

Color    rose    red,    violel,    whitish ;   through 
alterations  or  inclusions  may  be  gray,  brown,  green 
or  black.    Pleochroism  variable  in  iniensity  even  in  a 
single  crystal,  with  absorption  X  >  Y  >  Z. 
Z  =  colorless  or  very  pale  yellow 
Y  =■  colorless  or  very  pale  yellow 
X  =  rose  red 

Incl.  Andalusite  in  the  metamorphic 
rocks  often  contains  carbonaceous  inclusions  and  is 
then  known  as  ckiastolite.  These  inclusions  are 
nearly  always  distributed  through  the  crystal  in  some 
geometrical  form  conforming  to  the  symmetry  of 
the  mineral.  Andalusite  of  the  igneous  rocks  (peg- 
matite, etc.)  has  few  inclusions,  and  none  that  are  opticaroVlP^rtatton 
characteristic.  o*  andalusite. 

Altek.  Andalusite  ahers  readily  to  colwless  mica  (damour- 
iie)  ;  also,  rarely,  to  a  mixture  of  corundum  and  spinel,  with  rutile  and 
feldspar. 

Occur.  Andalusite  is  found  in  granitic  eruptive  rocks  and  in 
metamorphosed  sedimentary  rocks. 

DiAC  It  is  .distinguished  by  it*  rectangular  form,  very  fine  pris- 
matic cleavage  nearly  at  right  angles,  negative  elongation  uid  bisectrix, 
rose  red  pleochroism,  weak  birefringence  and  frequent  carbonaceous  in- 
clusions.    It  is  not  attacked  even  by  hydrofluoric  acid. 

ANDESINE,  see  feldspar  group.  ANDRADITE,  see  garnet 
group.  ANGLESITE.  see  barite  group.  ANHYDRITE,  see  barite 
group-  ANNABERGITE,  see  vivianite.  ANORTHITE,  see  feld- 
spar group.  ANOETHOCLASE.  see  feldspar  group.  ANTHOPHYL- 
LITE,  see  amphibole  group.     ANTIGORITE,  see   serpentine  group. 

Apatite  Group. 

The  minerals  of  the  apatite  group  are  phosphates,  arsen- 
ates or  vanadates  of  calcium  or  lead  with  chlorine  or  fluorine. 
Apatite  is  the  only  member  of  the  group  occurring  commonly  in 
rocks.  Its  hardness  is  greater  and  its  density  much  less  than 
those  of  others  of  the  group.  The  minerals  qre  all  hexagonal 
with  closely  similar  form,  commonly  in  short  prisms  with  basal 
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or  pyramidal  terminations-  Optically  they  are  all  negative  and 
normally  uniaxial,  but  the  presence  of  arsenic  seems  to  result  in 
distinct  biaxial  character,  suggesting  imperfect  hexagonal  sym- 
metry in  the  arsenate. 

The  minerals  of  the  group  are  the  following : — 


Ap.ti« 
Pyromorphite 

c  =  07346 
c  =  07362 

Ca.(aF)(PO,), 
orCa,(Caa){PO^), 
Pb/PbCl)(PO,), 

Mimetite 
Vanadinitt 

c  =  07224 
(  =  0.7123 

Pb,(PbCI>(AsO,)j, 

Pb/PbCl)  (VO^), 

APATITK 

-iloo 


form  of  apatit«. 


Hexagonal  £1^0.7346  Ca,(CaF)(P04),orCa«(Caa)(PO,)j 
Phys.  Char.  Crystals  long,  prismatic,  or  short  tabular 
prisms  sometimes  highly  modified.  Prisms  terminated  by  the 
base  or  by  a  pyramid.  Also  less  commonly 
globular,  reniform,  or  massive;  fibrous,  col- 
umnar or  granular.  Cleavage  in  traces 
II  0001,  H.  =  5.  G.  =  3.16-3.22.  Fuses  at 
about  5,  giving  reddish  flame  color.  Soluble  in 
HCl  or  HNO,,. 

Opt.  Prop.  Optically  negative.  Usu- 
ally strictly  uniaxial,  but  occasionally  the  optic 
axial  angle*  (2E)  exceeds  10°.  This' condi- 
tion is  found  in  apatite  of  the  rock  mass  as 
well  as  in  large  crystals  forrned  in  cavities.  Mallard,  from  the 
study  of  these  anomalies,  considers  the  mineral  probably  ortho- 
rhombic.  The  refringence  is  moderate;  the  birefringence  quite 
weak.  The  indices  of  refraction,  and  birefringence,  seem  to  vary 
with  the  content  of  fluorine  or  chlorine. 

Fluorapatite  Cklorapatite 

"s  =-'  1-6335  -  1-6388  1.6391  -  1.648 

n^=  1.6316- 1.6346        ■  1.6341-1,643 

n,  —  "d  =^  0.0019  -  0.0042  0.0034  -  0.005 

Color  green,  blue,  red,  white,  gray,  brown.  Usually 
colorless  in  thin  section ;  sometimes  gray,  blue,  or  brown,  with 
the  color  irregularly  distributed  in  clouds  or  lines,  perhaps  due 
to  submicroscopic  inclusions.  Colored  varieties  weakly  pleochroic 
with  X  >  Z. 

Incl.  Occasionally  apatite  contains  numerous  dark 
inclusions ;   sometimes  these   are  arranged   in   vertical   lines  or 

•  A.  N.  Wlnchell,  Smer.  aeot.  XXVI.  pp.  289,  301. 
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centrally,  or  zonally.  They  are  sometimes  fluid  or  gaseous.  Such 
inclusions  may  give  color  to  the  mineral. 

Alter.  Apatite  is  quite  fresh,  even  when  the  enclos- 
ing minerals  have  undergone  complete  alteration. 

Occur.  Apatite  is  very  widely,  but  usually  very  sparse- 
ly, distributed  in  all  kinds  of  rocks.  It  occurs  most  abundantly 
in  regions  of  crystalline  schists,  as  in  Renfrew  County,  Ontario, 
and  in  the  Odenwald.  In  Canada  it  is  associated  with  metamor- 
phosed limestone  and  accompanied  by  titanite,  amphibole,  zircon, 
pyroxene,  garnet,  vesuvianite.  It  is  found  in  sedimentary  rocks 
chiefly  as  the  result  of  organic  deposits.  In  igneous  rocks  it  is 
somewhat  more  abundant  in  basic  types;  very  rarely  is  it  more 
than  an  accessory  constituent  Finally,  it  is  found  in  dikes  and 
veins,  sometimes  in  large  crystals. 

DiAG.  Apatite  in  its  common  crystal  form  is  readily  dis- 
tinguished from  other  minerals  by  that  means,  and  by  its  moder- 
ately high  relief,  very  weak  birefringence,  and  absence  of  distinct 
cleavage.  Apatite  differs  from  quartz  in  having  higher  relief, 
weaker  birefringence  and  negative  sign.  Anhedral  apatite  is 
more  easily  confused  with  other  minerals;  it  is  distinguished 
from  eudialyte  by  somewhat  higher  refraction,  absence  of  distinct 
cleavage,  and  chemical  reactions;  melilite  is  optically  of  variable 
sign,  has  a  distinct  cleavage,  and  abnormal  interference  colors; 
gehlenite  has  somewhat  higher  relief  than  apatite;  vesuvianite 
has  still  higher  relief, 

PYROMORPHITE. 

Hexagonal  c  =  0.7362  Pb/PbCl)  (PO,), 

Pkvs.  Char.  Crystals  prismatic,  horizontally  striated  on  prism 
faces.  Also  globular,  reniform ;  fibrous  or  granular.  Cleavage  only  in 
iraces  11  loio  and  lofi.  H.  =  3.5-4.  G.  =6.5-7.1.  varying  with  th<  amount 
of  arsenic  replacing  phosphorus ;  when  calcium  is  present  replacing  lead 
the  density  tails  to  5.9-6.S-  B.B.  fuses  at  1.5  coloring  the  flame  bluish 
green.    Soluble  in  HNO,. 

Opt.  Pbop,  Optically  negative.  Normally  uniaxial,  but  tnaxial 
whenever  arsenic  is  present;  the  optic  atial  angle  increases  with  increase 
of  arsenic.  The  refringence  is  extremely  high,  but  the  birefringence  is 
weak. 

tr,  =  2.05O4Na    Wj,  =  2.O420Na 
«,-M„  =  o.oo84Na 

Color  green,  yellow,  brown,  gray,  white.  PleochrCMc  in  crystals 
with  Z  Ereen,  X  greenish  yellow. 

Alter.    Alters  uncommonly  to  galena,  cerussite,  calcite,  etc. 
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OccuK.  I^romorphite  is  found  chieflj  in  veins  with  other  lead 
ores ;  also,  sparingly,  disseminated  in  limeXotte  in  regions  of  lead  ores. 

Mimetite  is  the  related  arsenate  of  lead  of  similar  form  and 
habit,  and  yellow,  brown  or  white  color.  G,  =  7-0-7-25-  It  's  distinguished 
from  pyromarphite  optically  by  the  commcMt  bia;tial  character,  the  angle 
of  the  optic  axes  (zB)  attaining  64°.  In  a  basal  section  there  are  six 
triangular  sectors  with  the  axial  plane  in  each  parallel  with  the  side  of 
the  hexagor  and  the  negative  acute  bisectrix  normal  to  0001.  The  refrin- 
gence  is  like  that  of  pyromorphile,  but  the  birefringence  is  stronger;  n^=^ 
2i340Na;  Bp  =  2.ii8oNa;  n,  — »(j,  =  o.oi69Na.  Mimetite  is  found  in  lead 
veins  or  disseminations. 

Vanadinite  is  the  related  vanadate  of  lead ;  it  cryttallizei  in 
forms  like  those  of  pyromorphite,  of  deep  red  to  pale  yellow  color.  H.  :^ 
2-75-3,  G.  =  6.66-7.23,  Decomposed  by  HCl.  Optically  it  is  distinguished 
from  the  other  minerals  of  the  group  by  its  strong  birefringence;  the 
relief  is  extremely  high;  »,  =  2.354Na;  ftp  =  2.299Na;  n^  —  »^=i0.0SSNa. 
Vanadinite  is  abundant  in  the  lead  mining  regions  of  Arizona  and  New 
Mexico ;  in  other  regions  generally  rare. 

DiAo.  Pyromorphite  is  distinguished  from  apatite  by  its  much 
higher  relief,  and  its  mode  of  occurrence.  It  differs  from  mimetite  in 
being  uniaxial,  or  of  small  optic  angle,  and  from  vanadinite  by  much 
lower  birefringence. 

APHTHITALITK. 

Rhombohedrai.  <:=:  1.284  (K,Na)jSOj 

Phys.  Cbah.     Crystals  rhombohedral,  thin  tabular  \\  0001;  in 

groups,   massive,   encrusting,    mammillary.     Cleavage    good    ||    toto.    in 

traces    l|   OOOi.     H.  =  3.-3.5.     G.  =  2.63-3.66.      Fusible.      Soluble   in    HjO. 

Taste  bitter,  salty. 

Opt.  Pbop,     Uniaxial  and  positive.     Refringence  low.     Color 

white,  bluish,  greenish. 

»',=  i-4993Na    np=i.4907 
fig  — »pi=  0.0086 
Oa:uB.    Found  about  volcanoes,  and  in  some  salt  deposits. 

APOPHYLLITE. 

Tetragonal  e^  1.2515  H,KCa,(SiO,),+4j4HjO 

Phys.  Char.  Commonly  in  square  prisms  with  basal  planes. 
either  flattened  |[  oor,  equidimensional,  or  more  or  less  elongated  \l  c. 
Base  sometimes  replaced  by  iir.  Twinning  plane  iii  rare.  Sometimes 
lamellar,  massive;  rarely  in  radiated  prisms.  Cleavage  perfect  |[  001; 
imperfect  1 1  no.  H.  —  4.5-5-  G.  —  2.3-2.4,  Exfoliates,  gives  violet 
flame  color,  and  fuses  easily  to  white  vescieular  enamel.  Decomposed  by 
HCl  with  separation  of  slimy  silica. 

Opt.  Prop,  Apophyllitc  has  low  refringence  and  very  weak  bire- 
fringence; it  is  commonly  uniaxial  and  positive,  but  in  some  cases  it  is 
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ntgalive,  and  "optic  anomalies"  are  frequent.  Thus  a  basal  section  often 
shows  areas  which  are  biaxial  in  addKion  to  those  uniaxial ;  furthermore, 
the  interference  figure  may  consist  of  black  and  white  rings,  instead  of 
colored  rings,  or  a  single  color  may  be  wanting  ia  the  rings.  In  the  biaxial 
areas  the  optic  angle  may  vary  from  0°  to  50°  or  (0°,  and  the  position 
of  the  optic  plane  may  vary  in  a  single  crystal.  In  white  light  its  trace 
tray  be  parallel  to  110  in  a  basal  section  or  normal  to  110;  again,  the 
optic  plane  for  blue  light  may  be  at  right  angles  to  its  position  in  ned 
light.  These  anomalies  may  be  produced  by  lateral  pressure  or  by  changes 
of  lemperature;  they  may  be  the  result  of  molecular  strains,  Apophyl- 
lite  may  be  strictly  uniaxial  at  2to°C.,  at  which  temperature  all  the  water 
is  driven  oflf. 

n^  =  i.5368Na  i.5343Li 

«p=i-5347Na  1.5328U 

tij  —  »ii,  =  o.ooaiNa  OMiisLi 

Colorless,  white,  grayish,  yellowish,  pink.    Colorless  in  section. 

Altek.  Apophyllita  is  often  cloudy  on  account  of  alteration; 
this  is  due  sometimes  to  calcite,  son»etimes  to  a  hydrous  aluminum  sili- 
cate; suggesting  kaoiinile.     It  also  alters  to  pectolite, 

OccuB.  Apophyllite  occurs  in  cavities  in  basaltic  igneous  rocks, 
or,  less  cotnmonly,  in  granite,  gneiss,  or  similar  rocks.  It  is  associated 
very  often  with  zeolites,  or  with  datolite,  pectolite,  calcite. 

DiAG.  Apophyllite  has  a  higher  refringence  than  that  common 
in  the  leolites ;  it  diiTers  from  the  uniaxial  zeolites  in  having  perfect  basal 
cleavage.  The  tetragonal  form  and  the  peculiar  optic  anomalies  are  also 
quite  characteristic. 

Aragonite  Group. 

This  is  a  group  of  carbonates  of  alkalitie  earth  metals 
and  lead,  crystallizing  in  the  orthorhombic  system.  The  crystals 
very  often  twin  on  1 10  so  as  to  form  pseudohex agonal  prisms  and 
pyramids.  Acicular  or  columnar  fonns  are  common;  globular 
or  fibrous  conditions  less  corrunon.  The  minerals  of  the  group 
all  have  cleavage  parallel  to  010  and  no  of  varying  perfection; 
and  hardness  of  3  to  4. 

The  minerals  of  the  group  are  closely  alike  in  optical 
properties.  The  acute  negative  bisectrix  is  parallel  to  c  in  all  of 
them,  and  the  optic  angle  is  small.  The  relief  is  high,  and  even 
extremely  high  in  cerussite.  The  birefringence  is  very  strong, 
reaching  an  extreme  in  cerussite.  The  dispersion  is  weak  except 
in  cerussite. 

The  important  minerals  of  the  group  are  as  follows : — 
Aragonite  a :  b :  c ::  0.623 :  i :  0.721  CaCO, 

Witherite  a:b:c::  0,603 :  1 : 0.730  BaCO,' 

Strontianite  o :  & :  c : ;  0.609 :  i  '■  0.724  SrCO 

Cerussite  a:b:c::  o,6ro :  1 : 0,723  PbCO^ 
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ARAOONITB. 

Orthoehombic  a:h:c::  0.623 '  i  '■  0.721  CaCO, 

Phys.  Chab.  Crystals  often  acicular.  Cleavage  dis- 
tinct parallel  to  010,  in  traces  parallel  to  on  and  no;  cleavages 
usually  not  noticeable  in  thin  section  because  the  mineral  is  in 
fibrous  or  acicular  aggregates  in  rocks.  Twinning  [with  no  as 
the  twinning  plane,  of  the  cyclic  type  producing  pseudohexagonal 
forms]  uncommon  in  thin  sections,  G.  :=  2.94, 
H,  =  3,5-4,  Infusible,  but  falls  to  a  white 
powder.    Soluble  with  effervescence. 

Opt,  Prop,  The  plane  of  the  optic 
axes  is  parallel  to  100 ;  the  acute  bisectrix  X  is 
normal  to  001.  The  refringence  is  high,  and 
the  birefringence  very  strong,  producing  iri- 
descent colors,  due  to  slight  variations  in 
thickness,  similar  to  those  of  calcite.  The  dis- 
persion is  weak,  p  <v.  The  elongation  is  neg- 
ative. 

(— )  2£  =  30-S4'  (2F=i7'50') 
«,  =  1,686     rh,=  1.682     dp  =1.530         ' 
n,  —  »p  =  0.156 
Colorless,  white,  or  stained.    Colorless  in  section. 
Occur.     Aragonite  occurs  in  many  igneous  and  meta- 
morphic  rocks  as  an  alteration  product,  probably  usually  due  to 
the  acticMi  of  hot  solutions, 

Ktyfeite  is  a  name  given  by  Lacroix  to  pisolhm  formerly  con- 
sidered aragonite,  but  shown  to  have  G.  ^  3.58-2.70,  «, — »p  =  o.03o,  and 
positive  sign.  It  is  in  part  uniaxial,  and  in  part  biaxial  with  2£  =  50*  ±, 
Changes  to  calcite  upon  heating. 

Bromlite  contains  some  barium,  (Ca,Ba)CO,.  It  resembles 
witherite  in  form.  G.  =  3.7.  Oeavage  imperfect  {|  no.  Optic  orienta- 
tion as  in  aragonite.  Dispersion  very  weak.  Optic  angle  small,  2E  = 
S'Stf.     ti^=J.670.  n„  =  i.670±,  Hj,  =  i.525;  »,  —  »«,  =  O-US.     Rare. 

DiAG.  Characterized  by  acicular  form  leading  to  usual 
absence  of  cleavage,  and  by  biaxial  character  (cf.  calcite),  and 
by  position  of  the  optic  plane  (cf.  witherite,  strontianite  and 
cerussite), 

WITHERITE. 
Orthorhombic  a:b:c:: 0.603 '■ ' : O730  BaCO, 

Phys.  Crar.  Similar  to  aragonite,  but  G.  =  4.39-4.35,  Twin- 
ning nearly  always  present.  Fusible  Bt  2  with  yellowish  green  flame  color. 
Soluble  in  dilute  HO. 


^dbyGoOgk' 
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Opt.  Pkop.  Tlit  plane  of  the  optic  axes  is  parallel  to  010  and 
the  negative  acute  tHsectrix  is  pcrpcndicntar  to  001.  Strong  birefriDKence. 
Dupersion  very  weak  p  >  V. 

(— )  2£  =  a6°  30' 
n,  -  1,677    »„  =  1-676    dp  =  1-539 

Color,  white,  yellowish,  grayish.     Colorless  in  thin  section. 
OccuK.    Usually  associated  with  ores  in  veins.    Rare. 
Dug.     Differs    from   aragonite    in  the   position   of  the   optic 
plane.    Gives  feactioiu  for  carbonic  acid  and  barium. 


STRONTIANITB. 

OiTHOBKOMBic  a:b:c::  0.609: 1:0.734 

Phvs.  Chab.  Similar  to  aragonite,  but  G. 
nhig  often  complex,  very  common.  Qeavage 
nearly  perfect  parallel  to  110;  in  traces  par- 
allel to  010.  Fuses  with  difficulty,  but  swells 
and  sprouts  and  gives  crimson  flame  color. 
SoluUe  in  HQ. 

Opt.  Prof.  The  plane  of  the  optic 
axes  is  parallel  to  010  and  the  acute  negative 
Usectrix  is  perpendicular  to  001.  Dispersion 
weak  p<w. 

(-)  2E=  II' 48'  (aV  =  7'  5') 
«,=  1.6685    »S.  =  1.6666   «p  =  i.5i»  /*" 

n,—»»p  =  0.1486 

Color  pale  green,  apple  green, 
white,  gray,  yellow.     Colorless  in  thin  section. 

Occtnt.  Found  in  veins,  in  geodes 
>n  limestone,   etc.     Uncommon. 

DiAG.  Differs  from  aragonite  in  the 
position  of  the  optic  plane  and  in  having  good 
cleavage  parallel  to  iia 


SrCO, 
=  3-6e-3-7i-    Twin- 

STRONTIANITE 


'1 

VI, ' 

i" 

T      T 

•  1 

PlK.    ID. 

Optical    orientation 

of  BtrontUnlte. 


CERU8SITE. 


Otthohhombic  a:h:c:: 0.610 :  i : 0.723  PbCO, 

Phys.  Char.  Similar  to  aragonite,  but  G.  =  6.46-6.57- 
Cleavages  |[  no  and  021  distinct.  1|  010  and  012  in  traces. 
Twins  common ;  also  granular  massive.  Fusible  easily  to  metallic 
globule.  Soluble  in  dilute  HNO,. 

Opt.  Prop.  The  plane  of  the  optic  axis  is  parallel  to 
010  and  the  acute  negative  bisectrix  is  perpendicular  to  001 - 
Marked  dispersion  with  p>  v.  The  axial  angle  decreases  with 
decreasing  temperature,  becoming  uniaxial  at  —  1 19'  C. ;  then 
t^ie  axes  open  in  a  plane  perpendicular  to  the  former,  and  2E 
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reaches  iij^°  at —  190°  C. 

(— )  2£=i7°  8'  {2V=i%''  14') 
n,  =  2.078    Wo.  =  2.076    Up  =1.804 
»5  —  ftp  =:  0.274 
Color  white,  gray,  grayish  black. 
Colorless  in  thin  section. 

Occur,  Found  chiefly  in  veins  as- 
sociated with  galena ;  also  in  limestone. 

DiAG.  Differs  from  aragonite  and 
witherite  in  small  optic  angle;  from  arago- 
nite, witherite  and  strontianite  in  extreme- 
ly high  relief  and  extremely  strong  bire- 
fringence; from  aragonite  in  the  position 
of  the  optic  plane. 


CERUSSITE 


y^ 


i-i 


1- 


ARDENNITE  (Dewalquite). 

Orthorhombic  a:fe:c;:ft4663:  1:0.3135  H|gMnj^Al,j,Sijj,VjOjj 

Pnvs.  Char.  Crystals  rare,  prismatic,  vertically  striated.  Cleav- 
age easy  1 1  oio.  distinct  H  no.  H.  =  6.-7.  G.  =  3.62-3.66.  Vanadium 
may  be  replaced  in  part  by  arsenic,  which  leads  to  the  higher  specific 
gravity.     Easily  fusible  with  intumescence.     Nearly  insoluble. 

Opt.  Prop.  The  plane  of  the  c^tic  axes  is  parallel  to  100.  The 
positive  acute  tiisectrix  is  perpendicular  to  the  easy  cleavage  010.     TTie 


elongation  parallel  to  the  vertical  axis  is  negative. 
The  refringence  is  high,  and  the  birefringence 
rather  strong.  The  angle  of  the  optic  axes  is  large ; 
dispersion  p  >  f  very  strong. 

<-|-)  z£^73°  to  74°  yellow 
n  =  1.79  ± 

Color  yellow  to  yellowish  brown.     In  thin 
section   the  pleoehroism   is  distinct  in.  the   following 


ARDCNNITC 


Sections  0.02  mm. 
Z  =  very  pale  yellow 
Y  —  golden  yellow 
X  —  golden  yellow 

Occur.    Found 
in  schist.     Very  rare. 

DiAG.     Distinguished  from  carpholite  by  the  highi 
and  the  negative  elongation. 


Sections  0-5  mm. 

golden  yellow. 

dark  reddish  brown 

dark  reddish  brown  pTg    jj 

uarlz  veins  with  albite      """j^l   "ri." 


t 

If 

1 

'I'i. 

Si 

ARFVEDSONITE, 


mphibole    group.      ARGENTITE,    see 
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ARSENOLITE. 

ISOMBIKIC  ^^fii 

Phys.  Chab,  Crystals  always  octahedral,  sometimes  skeletal : 
also  in  fibrous  or  columnar  crusts  or  botryoidal  masses.  H.  =  1.5.  G-  ■-= 
3.71.  Volatile  in  closed  tube.  Slightly  soluble  in  hot  water.  Taste  sweet- 
ish astringent. 

Opt.  Prop.  Isotropic.  Refringence  high;  n  =  1.755  Na.  Col- 
orless, white,  or  stained  yellowish  or  reddish  by  orpiment,  sulphur,  or 
realgar. 

Occur.  Found  in  metalliferous  veins,  about  burning  coal  mines, 
and  as  a  product  of  sntelters. 

Senarmontitc  (SbjO^)  is  related  chemically  to  arsenolite;  its 
crystals  are  octahedral,  but  crystal  and  crystalline  groups  and  masses  are 
common.  H.  ^=  2.-2.5.  G,  =  5.22-5.3.  Easily  fusible  and  somewhat  vola- 
tile. Soluble  in  HO.  Optically  isotropic ;  fr«iuently  anisot'Opic.  and  sim- 
ilar to  boracite  or  to  the  hexoctahedral  type  of  garnet.  The  anisotropic 
character  is  explained  by  Mallard  as  due  to  twinning  of  a  triclintc  indi- 
vidual, by  Bertrand,  Gross-Bohle  and  Prendel  as  due  to  a  monoclinic  unit, 
and  by  Brauns  as  due  to  internal  molecular  strains.  When  anisotropic 
the  mineral  is  biaxial  with  a  large  optic  angle.  Refringence  very  high; 
n  =  2.087  Na.  Colorless  while,  gray.  Streak  white.  Alters  to  valentin- 
ite.     Occurs  chiefly  as  aji  oxidation  product  of  stibnite  in  ore  deposits. 

ARSEHOPYRITE,  see  marcasite. 

ASTROLITE. 

ChiTHORHOMBIC?    Axial    ratio    unknown.    H(Na,K)j<FeOH)FeAl(SiO,)^ 
Phvs,   Chail     In  small  globules  radially  fibrous  or  lamellar. 

XvLinellar  cleavage  good.    H,  —  3-5.    G.  =  2.78.    Fusible  to  gray  enamel. 

Insoluble. 

Opt.  Prop.    The  negative  acute  bisectrix  is  normal  to  the  la- 

inellsc;  the  extinction  is  parallel  with  the  elongation.     The  refringence  is 

distinctly  higher  than  that  of  Canada  balsam.    Dispersion  weak  p  >  v. 
C-)  2£  =  48°± 

t«j  —  Mp  =  0X)2I 

Color  greenish  yellow.  In  thin  sections  siskin  yellow  parallel 
to  elongation,  pale  yellow  to  colorless  normal  to  elongation, 

OccUK.  Found  as  inclusions  in  black  quartz  schists  and  in  lime- 
stone fragments  in  diabase  tuff.    Very  rare. 

ASTROPHYLLITE. 

OttTH.  a:  fc:c::o.c)902: 1:4.7101  CH,Na,K)/Fe,Mn)/Ti,Zr)Si,0,, 
Phys.  Char.  Crystals  often  elongated  |l  c,  or  flattened  parallel 
to  the  cleavage  010.  Qeavage  very  perfect  |]  010,  in  traces  \\  001,  Geav- 
age  laminae  brittle,  not  elastic  like  mica-  G.  =  3-3-34-  H.  =  3.  Fusible 
easily  after  swelling.     Decomposed  by  HQ,  leaving  ,scaly  silica. 
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Ofi.    Pkop.     The   plane   of   the   optic  AlSTROPHYLLITC 
axes  is  parallel  to  ooi ;  the  positive  acute  bisec-  ^ 

trix  is  perpendicular  to  lOO.     The  sign  of  the 
elongation  is  variable.     The  angle  of  the  optic 
axes  has  not  been  accurately  measured. 
(+)  2^  =  70''' to  80" 
»g  =  1-733     "m  =  1-703     »B  —  '■'^ 
«,— Up  =  0-055 
Color  bronze  lo  gold  yellow.     Luster 
■ubmetallic,  pearly.     The  pleochroism  is  intense 
even  in  thin  sections;  the  absorption  formula  of 
astrophyllite  is  X  >  Y  >  Z ;  the  pleochroic  colors 


Lamprophyllile. 
gold  yellow 
straw  yellow  "of'ai 

straw  yellow 
1  only  in  nepheline  syenite  and 


I  soda  granite. 


Asirofhyllite.  Lantpropnyiuie.  j^    ^ 

Z  ^=  lemon  yellow 
Y  =  orange  yellow 
X  =  dark  golden  yello* 

Occur.     Kno 
Rare. 

Lampropbyllite  is  similar  in  all  known  characters  except  the 
pleochroic  formula  (given  above)  and  the  absorption  formula,  Z  >  Y  = 
X.     It  is  found  in  syenite  in  Norway. 

DiAG.  Differs  from  the  micas  in  having  brittle  laminse,  the 
obtuse  bisectrix  perpendicular  to  the  cleavage,  and  the  maximum  pleo- 
chroism transverse  to  the  elongation  of  the  laminx. 

ATACAMITE. 

Ohthohhombic  a:b:c ::  0,661 :  1 : 0.753  Cuj(OH)..Cl 

Phvs.  Char.  Crystals  slender,  prismatic,  vertically,  striated; 
also  tabular.  Commonly  in  confused  fibrous  aggregates,  stalactitic,  in 
crusts,  granular.     Twinning  on  1 10.     Oeavage  ATACAMITE 

perfect  ||  Oio,  in  traces  ||  lOI.  H.  — 3.-3-S- 
G.  =  3.76-4.31,  Fusible,  with  azure  blue  flame 
having  green  border,  to  metallic  copper.  Easily 
soluble  in  acids. 

Opt.  Prop.  The  optic  plane  is  par- 
allel to  100;  the  negative  acute  bisectrix  is 
normal  to  010.  Optic  angle  large,  dispersion 
p  <  r  strong. 

{-)    2r^74°S6'Tl  . 

n,  =  1.880,  n^  =  1.861.  fip  —  1.831 
"(  —  10  =  0.041) 

Color  bright  green,  emerald  green, 
blackish  green.  Streak  apple  green.  Luster 
adamantine  to  vitreous.  Weakly  pleochroic 
in  thin  section  with  Z  grass  green,  Y  yellowish 
green,  X  pale  grass  green. 

Alter.  Changes  rather  easily  to 
malachite;    also   to   chrysocolla. 


0/0 
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Occur.  Found  in  veins  with  other  copper  ores,  especially 
malachite,  cuprite.    Also  in  sands,  and  formed  about  hot  springs  on  brass 

DiAG.  Differs  from  malachite  in  having  parallel  extinction,  in- 
stead of  extinction  at  about  23°  in  the  vertical  lone,  and  in  having  much 
weaker  birefringence 


AUGELITE,  : 


/ellite.    AUGITE,  see  pyroxene  group. 


AUTUNITE  (Uranite). 

Orthorhombic  a:b:c\:  0.987S :  1  :  2-8517  Ca(UOj)jP,0^+8HjO 

Phvs.  Char.  Crystals  thin  tabular,  of  tetragonal  aspect;  also 
in  foliated  aggregates.  Cleavage  micaceous  |[  ooi,  in  traces  ||  010  and 
100.  Flattening  ||  ooi  resulting  in  apparent  elongation  which  is  of  posi' 
(ive  sign-  Twinning  plane  ||  no  with  irregular  intet^rowths.  G!=3/>S 
to  3.ICJ.     H.  =  2.-2.5.     Soluble   in   HNO,. 

Oft.  Prop.  The 
plane  of  the  optic  axes  is  par- 
allel to  010 ;  the  negative  acute 
bisectrix  perpendicular  to  001. 
Dispersion  p  >  w. 
(— >    2£  =  6o°    (2f'=30''i:) 


AUTUNITE 


1.577  1 


I-S7S   ' 


1-553 


^f^ 

— ^-    —  —  "\ 

i^il-.-jo!-^^ 

-  --^ — ^^---  =Y^= -^^  1 

l'~  ^_  ^-- 

V--=5-5:-= 

FlK.    35.    Optical    orientHtlon    of 
autunlle. 


Kg — «pr=  0.024 

Color  lemon  to  su! 
phur  yellow.  In  thin  sectio 
golden  yellow  without  plec 
chroism. 

Occur.  Found  i 
gneiss,  homstone.  etc.,  and  associated  with  tin  and  silver  ores, 

DiAG.  Characterized  by  golden  yellow  color  without  pleochro- 
i>m.  acute  negative  bisectrix  perpendicular  to  micaceous  cleavage,  brittle 

AXINITE.  ' 

TmcLiNic  a-.b-.C*::  0,6019 :  1  ■  0.8267  H  ( Ca,Fc,Mn>  ,,,M,jBSi,0,„ 

a  =  121*  32'  ^  =  44°  42'  y  =  r4o'>  ao' 

Phvs,  Chak.  Cryiitals  usually  wedge-shaped  (whence  the 
name),  like  a  lens  with  flat  surfaces;  also  massive;  cleavage  easy  || 
ill.  o\o  and  i5o.  in  traces  ||  001.  H  =  6,5-7,  G.  =  3-29-3-30-  Fusible 
at  2  with  intumescence  and  green   flame  color.     Insoluble. 

Opt.  Prop.  The  negative  acute  bisectrix  is  very  nearly  per- 
wndicular    to   oil.     In   this   face  the  trace  of   the   optic  plane   makes   an 
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nngle  of  40°  wiili  no  and  an  angle  of  34"  40' 
with  001.     Crossed  dispersion  very  slight.  In- 
clined   and    horizontal    dispersion    noticeable. 
The    dispersion    of   the    optic    axes    which    is 
scarcely   perceptible   in   oil   is  very  marked   in 
■ir  with  p  <».    Angle  of  the  optic  a.xes  some- 
what variable,  even  in  a  single  crystal. 
(— )  2f  =  71°  to  74". 
B,=  i.68i     «„=  1.678    «p=  1.672 
"j  —  '«p  =  0.009 
Color   brown,   gray,   dull   blue,   yel- 


low.      Luster    vitreous 

The   pleochroism    is 

\    /.    , 

very   distinct   in   thick 

sections,  but  often  en- 

tirely  lacking  in  thin 

ections. 

Sections  3.  mm. 

Sections  0.02  mm. 

Z  =  clear   olive   yellow 
Y  ^  intense  violet 

colorless 

pale  violet  to  colorless 

,°"S'"r 

X^  cinnamon  brown 

colorless 

"' •"""".&' 

AZURITE 


Occur,     Usually  the  result  of  futnarolic    action 
phosed  rocks ;  also  found  in  basic  eruptives  and  in  ore  deposits. 

DiAG.     The   form   is  characteristic.     Distinguished   from   ortho- 
clase  in  thin  section  by  much  higher  relief. 

AZURITE. 

MoNoruNic        a:b:c::o&soi:  1:0.8805         Cu,(OH)„(C0;). 
/8  =  87°  36' 

Phys.  Char.  Ciystals  varied  in  habit,  usually  with 
many  planes;  tabular,  prismatic,  elongated  I|  c  or  ||  ft,  etc.  Twin- 
ning plane  201  or  loi  not  common.  Cleav- 
age perfect  |]  021,  imperfect  ||  100,  in 
traces  1 1  1 10.  H.  =  3.5-4.  G.  —  377'3.83- 
B.B.  fuses  at  2,  coloring  the  flame  green. 
Soluble  in  acids  with  effervescence. 

Opt.  Prop.  The  plane  of  the 
optic  axes  is  parallel  to  010;  the  pos- 
itive acute  bisectrix  makes  an  angle  of 
r2|^°  with  the  vertical  axis  in  the  acute 
angle  (i.  The  angle  of  the  optic  axes  is 
large :  axial  dispersion  considerable,  with 
p  >  v:  also  distinct  horizontal  dispersion. 
(  +  1  2^=151°  (2H  =  82'  5') 

Hg  —  Mb  —  0.200 

Color  azure  to  berlin  blue;  in 
thin  section  very  pale  blue. 

Alter.     Azurite  alters  rather 
easily  to  malachite ;  also,  rarely,  to  native  copper. 


Optical 


:,..J.AA)1>^1C 


AZURITE—BARITE.  i,li 

Occur.  Usually  formed  in  veins  or  cavities  by  per- 
colating waters ;  commonly  associated  with  malachite,  cuprite,  etc. 

BABINGTONITE,  see  pyroxene  group. 
BADDELEYITE. 
MoKOCLiMic  a:(i:er:a987i:  I  :a5ii4  ZrO^ 

(8  =  81°  is' 

Phvs.  Char.  Crystals  tabular  {|  loo  commonly  twiniKd  on  lOo. 
sometimes  in  polysynctietic  lameike;  twinning  on  no  of  both  contact  and 
penetration  types,  also  in  lamina: ;  twinning  on  201  rare.  CleavaBc  per- 
fect ||  001,  indistinct  ||  oio;  parting  ||  iia  H.  — 6-5.  G.  =  s.5-6,o.  Near- 
ly infusible  and  insoluble. 

Opt.  Prop.     The  plane  of  the  optic  axes  is  parallel  to  Oio;  the 
nejptive  acute  bisectrix  makes  an  angle  of  about  12°  with  c  in  the  obtuse 
irigle  p.     The   refringence   is  high  and   birefringence  strong.     The  angle 
of  the  optic  a^ces  is  rather  large.    Dispersion  is  inclined. 
(— )  2£  =  70°-75'' 

Color  variable,  yellow,  brown,  black,  colorless.  In  thin  secticwi 
colorless,  yellow  or  brown,  with  the  color  often  irregularly  distributed. 
In  thick  section  pleoehroic  with  Z  reddish  brown,  Y  oil  gneen,  X  reddish 
brown,  and  X  >  Y  >  Z, 

Occur.  Found  in  gem  bearing  sands  of  Ceylon ;  also  in  pyxox- 
tniie  of  Brazil,  and  in  nepheline  syenite  of  Sweden.     Rare. 

Baiite  Group. 

This  is  a  group  of  sulphates  of  alkaline-earth  metals 
and  lead,  crystallizing  in  the  orthorhombic  system.  The  crystals 
are  often  tabular  parallel  to  001,  or  prismatic  and  elongated  par- 
allel to  any  crystal  axis.  Globular  and  fibrous  conditions  not 
imcommon.  Cleavaffe  in  all  the  minerals  of  the  group  parallel 
fo  001  and  no  except  in  anhydrite  where  it  is  parallel  to  001, 
Oio,  and  no.    The  hardness  ranges  from  2.5  to  3.5. 

The  optic  plane  is  parallel  to  010  in  all  the  minerals  of 
the  group,  and  the  positive  acute  bisectrix  is  normal  to  100.  The 
dispersion  is  p  <.v. 

Barite  a:  6;  e::o.8i5:  i  :  I.314  BaSO, 

Celestite  a:6:  c:  ;0-7?9:  i :  i.zSo  SrSO, 

Anglesite  a:  6:  c::o.78s  :  i :  1.289  PbSO^ 

Anhydrite  a:b:  c::o.&Q3:  i:  l.OoOR  CaSO^ 

*    BARITE. 

Orthorhombic  a:b:  c ::o.8i5:  i :  1.314  BaSO, 

Phys.  Char.  Crystals  often  tabular  |I  ooi.     Geavage 

perfect  {|  oot  and  also  no,  imperfect  [|  010.    Twinning  on  100 
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Tiga.  i 


aod  lHn.     Simple  cryst 


I  (orn 


BARITE 


common.    H.  =  z.5-3.5.    G.  =  4.3-4.6.    Fusible  at  3  with  yellow- 
ish green  flame.    Insoluble  in  acids. 

Opt.  Prop.  The  plane  of  the  optic 
axes  is  parallel  to  010;  the  positive  acute  bi- 
sectrix is  perpendicular  to  100.  Gjlorless. 
Dispersion  p  <.v. 

(-I-)  2^^  —  35*  to  37°. 

Hg  =  1.647    «".  =  '-637    Mp  =  1-636 

n,  —  %  =  0.011 

Color  white;  also  yellowish,  gray, 
blue,  red,  brown.    Colorless  in  thin  section. 

Occur.  Commonly  found  in  con- 
nection with  veins  of  metallic  ores;  also  in 
limestones  and  sandstones,  and  in  cavities  of 
amygdaloids,  etc. 

DiAG.  Distinguished  from  celestite  by  higher  relief 
and  stronger  birefringence.  Anhydrite  has  three  easy  rectan- 
gular cleavages  and  very  strong  birefringence,  Anglesite  has 
very  high  relief  and  rather  strong  birefringence. 


Optical    orlentB 


CELESTITE. 


Obthorhoubic  a.b:c 

Phvs.    Chas.    Resembles 

a(  3  with  crimson  flame.    Insoluble 

Opt.  Prop.  Tlie 
plane  of  the  optic  axes  is 
parallel  to  010  and  the  posi- 
tive acute  bisectrix  is  normal 
to  10a     Dispersion  p<iv. 

{-H)  aV  =  si* 

jij=I.63I    n„— 1.623   tip— 1.62a 

ng—nj,  =  0.009 

Color,  white,  bluish, 
reddish.     Colorless  in  thinsec- 


:  0.779: 1 : 1.280 

barite,    but    G.  =  3-9S-3-97- 

CELESTITE 


001 


too 


Occur.     Usually  assoc 
n  metalliferous  veins,  and 


Fig.  29.  optical  orientation  of  celestite. 
ialed  with  limestone  or  sandstone;  also 
in*  beds  of  gypsum,  rock  salt,  clay,  etc. 


C.u:,..J.,C0l>^Ic 


ANGLESITE—ANH  YDRI TE. 


1.33 


ANGt-E  snX 


DiAG.  Distinguished  from  barite  by  lower  relief,  weaker  bire- 
fringence and  large  optic  axial  angle.  Anhydrite  has  three  rectangular 
easy  cleavages  and  very  strong  birefringence.  Anglesite  has  very  high 
relief  and  rather  strong  birefringence. 

ANGLESITE. 

Okthobhombic  a:b:  c:: 0.78$:  I  ■■t.iBg  PbSO^ 

Phys.  Crak.    Resembles  barite  in  physical  characters,  but  G.= 
&ia  to  6.39,  and  cleavages  ||  001  and  110  are 
interrupted,  though  distinct.     Fusible  with  de- 
crepitation at   1.5.     Slowly  soluble  in  HNO^. 
Opt.  Prop.    The  plane  of  the  optic 
axes  is  parallel  to  010  and  the  positive  acute 
bisectrix  is  normal  to  100.    Dispersion  p-^v. 
C+)'2F  =  66"  to  75°. 
»,=  i.897     '•„  =  i-883     "p  =  i.877 

Color  white,  yellowish,  grayish, 
greenish,  bluish.     Colorless  in  section. 

Occur.  Usually  associated  with 
galena;  sometimes  also  with  cerussite  in  veins 
and  ore  beds;  usually  formed  l^  alteration  of 
galena. 

DiAG.  Characterized  by  very  high 
relief,  rather  strong  birefringence  and  large 
optic  angle. 

ANHYDRITE. 

Oktuorkoubic  a:  &:c::  0.8933;  11 1.0008  CaSO, 

Phys-  Chak.    Resembles  barite  in  physical  characters,  but  G.  — 

^50  to  2.98,  and  cleavages   ||  001  very  perfect,  0^0  perfect,  loO  somewhat 

less  perfect.     Fusible  at   3   with   reddish   yellow   flame  color.     Soluble   in 

Ha. 

Opt.      Prop,        The 

plane  of  the  optic  axes  is  par- 
allel to  010,  and  the  positive 
acute  bisectrix  is  normal  to 
loo  Dispersion  p  <  w. 
(+)  2^  =  42'  8' 
«,=  i.6i4  n„-i.576  »p=i.57i 
«,  —  "p  — 0x143 

Color  white,  gray- 
ish bluish,  red.  Colorless  in 
thin  section. 


Fl«.    30. 

Optical   orientation   1 

anglealte. 


anhydrite: 


^dbyGoot^k' 
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Occua.     Usually  associated  with  gypsum  and  rock  sah. 
DiAG.     The  rectangular  cleavages  in  three  directions  and  the 
strong  birefringence  are  characteristic. 

BARYLITB. 

Orthorhombic  a:b:c\:  0.408 :  i :  ?  Ba^Al^Si,0„ 

PsYS.  Chah.  Crystals  prismatic,  tabular.  Qeavage  |[  lOo,  010, 
no,  and  001.  Prismatic  cleavage  good.  H.  =  7.  G.  ^4.  Infusible;  In- 
soluble. 

Opt,  Prop.  The  optic  plane  is  parallel  to  001 ;  the  acute  bisec- 
trix Z  is  normal  to  100,  Refringence  high.  Dispersion  p  >  v  weak.  Color 
milk  white. 

ng^I.6g  approx.     n„  =  I.68s    11^=^1-68  approx. 

«,  — 'tp  =  0.oi4 

OcccR.     Found  in  limestone  in  Sweden.    Very  rare. 

BARYTOCALCITE. 

MoNocLiNic  a:  b:c ::o.772: 1:0.625  BaCa(COj)j 

^  =  73'  S3' 
PQVS,   Char.     Crystals  pyramidal  prismatic.     Massive.     Geav- 
age  perfect  ||   HO,  imperfect  H.ooi.    H.  =  4.    G.  =  36S-    Fusible  difficultly 
with  yellowish  green  flame  color.     Soluble  in  HCl. 

Opt.  Prop,  'i  he  optic  plane  and  obtuse  bisectrix  Z  are  normal 
to  010;  X  AC  =  -(-64!^°.  Optic  angle  small.  Very  weak  horizontal  dis- 
persion with  p  >  f  weak. 

(— )  2E  —  23°  is'  to  24°  S3' 
«,=  1.686    n„  =  i.684    n,  =  i.S2S 
Hg  — np  =  o.i6i 
Color  white,   grayish,   greenish,  yellowish.     Streak   white. 
Occur.     Found  in  limestone,  with  barite  and  fluorite.     Very 


BECKELITE. 

Isometric  Ca|(Ce,La,Di)4Si.p,^ 

Phys.  Char.  Crystals  commonly  octahedral;  also  dodecabe- 
dral  and  modified.  Also  granular.  Oeavage  distinct  ||  100.  H.  =  5.  G.  := 
4.15.    Infusible.    Soluble  in  HQ. 

Opt.  Prop.  Small  crystals  completely  isotropic ;  large  crystals 
sometimes  anisotropic  with  weak  birefringence.  Refringence  high.  Color 
brown ;  in  thin  section  light  yellow. 

Occur.  Found  In  a  pegmatite  of  albite,  nephelite  and  magne- 
tite.    Rare, 

Di.\c.  Distinguished  from  pyrochlore  by  its  ready  solubility  in 
HCI. 


^dbvGoo^^k' 


BENITOITE— BERYL. 


BENITOITE. 

Hexagonal  €=0.733  BaTiSi^O^ 

Phvs.  Char.  Crystals  pyramidal  or  tabular.  Cleavage  imper- 
fiet  II  loTl.  H.  =  6.-6.5.  G.  =  3.6s-  Fusible  quietly  at  3.  10  iranspareiil 
glass.    Solubk  ifl  HF. 

Opt.  Prop.  Uniaxial  and  positive.  Refringenee  high.  Bire- 
fringence strong. 

"«— "i.  =  *'°3 
Color  blue,  purple,  colorless,  varying  in  a  single  crystal.     Col- 
ored parts  strongly  pleochroic  with   Z  purple,   indigo,  greemsh  blue  to 
colorless,  and  X  colorless. 

OccUB.  Found  in  veins  or  geodes  with  nalrolile  in  glaucophane 
.  schist,  in   serpentine.     Very  rare. 


H,Be,Si,0. 


BERTRANDITC 


BERTRANDITE. 

OtTHDRHOMBIC  016:  C  1:0.569:  1:0.597 

Phvs.  Char.  Crystals  are  always  flattened,  : 
ihey  may  be  also  elongated  ||  c.  Habit  quite  varied,  sometimes  distinctly 
hemimorphic.  Twinning  uncommon;  twins  commonly  have  a  reentrant 
angle  of  about  60°;  twinning  plane  may  be  on,  130  or  031.  Qeavage  or 
parting  often  well  developed  [|  coi,  110,  010,  lOO.  H.  =  6.-6.5.  G.  = 
2586-2,60.     B.B.  infusible,  but  becomes  opaque  white.     Insoluble  in  acids. 

On.  Prof.     The  plane  of  the  optic  axes  is  parallel  10  010 ;  the 

negativie   acute   bisectrix   is   normal   lo   100.     The 

angle  of  the  optic  axes  is  large;  axial  dispersion 

weak  with  p<iv.    The  relief  is  distinct,  and  the 

interterenoe  colors  reach  the  upper  second  order. 

(-)  2^  =  75"  ± 

n,  =  I.6li     H„=1.593     «,=  1.588 

",  —  np  =  0.023 

Colorless,  or  stained  by  limonite.  Lus- 
ter vitreous;   pearly   on  001. 

Alteration'  of  bertrandite  is  unknown :       ,oi 
circulating    waters    may    introduce    and    stain    it 
with  limonite. 

Occur.  Unknown  as  a  rock  conslit- 
iiem :  found  only  in  pegmatite,  or  in  veins. 
Often  associated  with  quartz,  orthoclase,  albite. 
apatite,  beryl,  tourmaline,  herderite. 

DiAc.       Distinguished     from     zeolites         ^ 
and  muscovite  by  having  parallel  extinction  and 
s  cleav:ige  001  of  negative  sign;  further,  this  cleavage  is  norma' 
live  obtuse   bisectrix.     Finally,   the   forms   and   pearly   hister   < 
quite  distinctive. 

BERYL. 

Hex  .AGONAL 

Phvs.  Char. 


^ 

1  _-t 

ii 

jti- 

^' 

T- 

'T- 

Lt- 

Usually  in  long  prismatic  c 


!e^.*Ll,{SiO,), 
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tinct  basat  (0001)  cleavage.  Also  massive,  coarse  columnar  or  granular  to 
compact.  H.  =  7.5-8.  G.  =  2.63-2.80,  Nearly  infusible.  Insoluble  in 
acids. 

Opt.  Prop.  Uniaxial  and  negative,  with  negative  elongation. 
Optic  anomalies  are  common ;  according  to  Mallard  the  hexagonal  sjtm- 
melry  is  due  to  twinning  of  orthorhombic  individuals  as  trillings.  In  thin 
section  the  only  evidence  of  ^e  pseudohexagonal  character  is  the  slight 
separation  of  ihe  black  cros?,  which  is  commofl.  According  to  Lacroix 
basal  sections  showing  anomalies  are  divided  into  six  biaxial  sectors,  often 
with  a  uniaxial  center. 

The  indices  seem  to  vary  in  different  crystals  thus; 

Beryl  from  Colorless  beryl  from  Pink  beryl  from 

Brazil  .    La  Villeder  Madagascar 

«,  =  1.5724  1-5785  1-5825  \*» 

np=  1.5673  1-5735  1.576'^ 

Mj  — Hp=o.oo6  (average) 

Color  green,  blue,  yellow,  white,  rose  red.  Luster  vitreous, 
sometimes  resinous.  Colorless  in  thin  sections ;  more  or  less  pleochroic 
in  thick  sections  with  varying  colors  as  follows : — 

pink  beryl        yellow  beryl  blue  beryl  emerald 

Z  =  colorless  golden  yellow         greenish  blue  yellowish  green 

to  colorless 
X  =  pale  pink  reddish  yellow         blue  sea  green 

But  in  some  cases  the  absorption  formula  is  Z  >  X. 

Alter.  Beryl  alters  rather  easily  to  prodtice  kaolin  in  earthy 
masses.  This  transformation  usually  affects  ibe  fissures  of  the  mineral, 
and  renders  it  opaque  and  soft. 

Occur.  Beryl  is  found  in  pegmatite  dikes,  in  veins  associated 
with  tin  ores,  and  in  mfcaschists. 

DiAG.  Distinguished  optically  from  apatite  only  by  slightly  lower 
relief  and  slightly  stronger  birefringence;  also  in  thick  sections  by  pleochro- 
ism.  Beryl  is  harder  than  apatite  and  insoluble  in  acids.  It  also  differs 
from  apatite  in  its  mode  of  occurrence,  and  alters  much  more  easily. 

BERYLLONITE. 

Orthorhombic  a:  6:  c;  ;  0.5724:1 : 0.5490  NaBcPO^ 

Phvs.  CH.Mt.  Crystals  short  prismatic  to  tabular;  prism  faces 
often  vertically  striated.  Crystals  often  very  complex.  Twinning  on  no 
gives  pseudohexagonal  forms.  Cleavage  perfect  jl  001,  imperfect  [|  100, 
indistinct  |1  no.  H.  —  5.5-6.  G.  —  2^45.  Fusible  at  3  to  cloudy  glass. 
Soluble. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to  100;  the 
negative  acute  bisectrix  is  normal  to  001.  The  mineral  has  no  relief.  The 
birefringence  is  weak.  The  angle  of  the  optic  axes  is  large:  dispersion 
weak  with  p  <  v. 

(-)   2^  =  67"  34'  (2E  =  I2I'). 
H,  ^  1.5608    n^  =  r.5S7!)    «,  =  1.5520 


^dbvGoo^^k' 
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Colorless,  whke,  yellowish. 

Incl.  Cavities  (with  or  without  liquid  inclusions)  are  often  ar- 
ranged parallel  to  the  vertical  axis. 

Occur.    Found  in  vein  material  in  granite.    Rare. 

BIOTITE,  see  mica  group.  BLOEDITE,  see  loweite.  BOBIER- 
RITE,  see  vivianile.  BOLttlTE,  see  peTcylJte.  BOOTHITB,  see  me- 
linterite. 

BORACITE. 

Orthokhoubic    (Pseudoisometric)  MgjCljBj^O,^ 

Phvs.  Cbab.  Crystals  cubic  or  dodecahcdral,  modified  by 
tetrahedral  forms.  Both  tetrahedrons  may  give  an  octahedral  aspect 
Also  fine  granular  lo  earthy.  Twinning  plane  iii  rare,  in  penetration 
forms.  Geavage' in  traces  ||  iii.  H.  =  7.  G.  =  2.9-3.  B-B.  fuses  at 
3  with  intumescence  coloring  the  tiame  green.     Soluble  in  HCI. 

Opt.  Prop.  At  ordinary  temperatures  boracite  has  a  birefrin- 
gence slightly  higher  than  that  of  quartz.  This  disappears  when  the  min- 
eral is  heated  to  365°C.;  it  then  becomes  truly  isometric  and  isotropic 
The  crystals  of  boracite  are  explained  as  due  to  various  types  of  twinning 
of  an  orthorhombic  individual  in  which  the  angle  of  the  optic  axes  is  very 
large.  In  one  type  a  dodecahedron  is  made  up  of  twelve  individuals,  in 
each  of  which  the  plane  of  the  optic  axes  is  parallel  to  the  long  diagonal 
of  the  rhombic  crystal  face  to  which  the  bisectrix  is  normal.  The  fefrin- 
gence  is  considerable.    Color  white  or  tinted. 

(-t-)  aV  =  nearly  go' 
«,  =  1.6730     f^  =  1.6670     (1^=1.6622 

H„  —  «„  =  0.0108 

Alter.    Boracite  takes  up  water  slowly,  and  becomes  cloudy. 
Occm.  '  It  is  found  in  beds  of  gypsum,  anhydrite  and  salt. 
DiAa    Tlie  optical  characters  combined  with  the  form  are  quite 
distinctive. 

BORAX. 

MoxocLiNic  a:b:c::  1.0995:  i : 0.5632  Na„B^O,-f-ioH,0 
P  =  73'  25' 

Phys.  Chab.  Crj-stals  usually  simple  prismatic,  some- 
times lar^.  Twinning  plane  100.  Cleavage  perfect  [I  100.  im- 
perfect 11  no.  H.  =  2.-2.25.  G.  =  1.69-1.72.  B.B.  enlarges  and 
fuses  to  transparent  glass.    Soluble  in  HjO. 

Opt,  Prop.  The  plane  of  the  optic  axes  and  the  nega- 
tive acute  bisectrix  are  normal  to  010 :  the  obtuse  bisectrix  makes 
an  angle  with  the  vertical  axis  in  the  acute  angle  j8  of  57°  in  red 
light  and  55°  in  blue  light.  The  refringence  is  very  low  and  the 
birefringence  is  moderately  strong.  The  angle  of  the  optic  axes 
is  moderate,  but  the  axial  dispersion  (i>v\%  marked,  and  crossed 
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Fig.    33. 
Optical    orlenlatlDn    < 


dispersion  is  also  very  distinct.  . 

{— )  21^  =  39°  25' 

(2£  =  59°53'U  2£  =  58°'8'T1) 

««=i47i5     «TD=  1.4686    tip— 1.4468 

«,  —  n,  =  0.0247 

Color  white,  grayish,  bluish 
greenish.  Colorless  in  section. 

Occur.  An  abundant  deposit 
from  certain  salt  lakes,  as  in  Thibet  and 
California. 

DiAG.  The  very  low  refring- 
ence,  moderately  strong  birefringence, 
and  distinct  dispersion,  both  axial  and 
crossed,  are  characteristic,  especially 
when  combined  with  the  peculiar  mode 
of  occurrence. 

BORNITE  (ErubCBcite)- 

IsoMETBic  CUjFeSj 

CoMP.    Exact  chemical  formula  somewhat  uncertain. 

Phvs.  Chab.  Crystals  commonly  cubic  or  modified;  twinning 
on  in  in  penetration  forms  of  hexagonal  aspect.  Commonly  massive, 
granular.  Cleavage  only  in  traces  ||  ill.  H.  =  3,  G.  =  4.9-S4.  Before 
the  blowpipe  fuses  in  reducing  flame  to  a  briltte  magnetic  globule.  Sol- 
uble in  HNO.|  with  separation  of  sulphur. 

Opt.  Prop.  Opaque.  Color  reddish  brown,  but  only  seen  on 
fresh  fracture,  which  soon  tarnishes  to  red  and  blue.  Luster  metallic. 
In  reflected  light  reddish  brown,  red  and  blue  colors. 

Occur.  ,  ^Common  ore  of  copper,  usually  associated  with  chal- 
copyrile,  chalcocite.  etc.  It  occurs  sometimes  in  pegmatitic  veins  ;  more 
commonly  in  ordinary  mineral  veins.  It  is  also  produced  by  the  action 
of  hot  springs  upon  copper  coins;   and  in   metallurgical   furnaces. 

BOTRYOGEN. 

MONOCI-INIC  a:b:c--:  0.652 :  1  : 0.599  Mg(FeOH)  (S0,)j-f-7H,0 

^  =  62°  26' 

PhyS-  Ch.\k.  Crystals  short,  prismatic:  usually  bolryoidal  or 
renifomi.  Cleavage  distinct  ||  no.  in  traces  1|  120.  H.  =  2.-2.5.  G. — 
2.-2.14.  Ijitumesccs  and  falls  to  reddish  yellow  powder.  Partly  soluble 
in  hot  H„0. 

Opt.  Prop.  The  optic  plane  and  the  obtuse  bisectrix  X  are 
normal  lo  010;  ZAc  =  — 12°.     Optic  angle  not  large;  disperjiion  p>t'. 


(+)  2/'- 
1572 


-40°  , 
1.548 


I-S44 


^dbvGoogk' 


BOTRYOGEN—BROCHANTITE.  139 

Color  dark  red.  Streak  yellow.  In  Ihiii  section  pleochroic 
with  Z  orange,  Y  pink  to  colorless,  X  pale  yellow  to  colorless. 

Occur.  Foimd  in  copper  mines  coating  sypsum  and  pyrite. 
Also  in  veins  with  cinnabar,  sulphur,  epsomite,  eic.    Rare. 

BOUSSINGAULTITE,    see    picromcrite.     BOWLINQITE,    see 

serpentine  group.    BRANDISITE,  see  clintonite  group. 

BRAVAISITE. 

Orth.  Axial  ratio  unknown  H,(K,,Mg.Ca)j(Al,Fe)^Si,0„ 

Phvs.  Char.     In  thin  scales  and  lamellar  or  fibrous  masses. 

Soapy  (eel.     Looks   like   clay.      Pasty   when   wet.     When   dry,   H.  ^=i.-2. 

G.  =  2.6.      Easily   fusible   to    a    white   globule.      Incompletely    soluble     in 

Opt.  Prop.  The  negative  acute  bisectrix  is  normal  to  the  lamel- 
Ix;  extinction  parallel  to  elongation.  Birefringence  strong.  2£  =  4o''  ±. 
Color  greenish  gray. 

Occur.  Found  in  thin  layers  in  coal  and  bituminous  schists. 
Rare. 

BREW5TERITE,  see  zeolite  group. 

BROCHANTITB. 

Orthorhombic  aibicr.  0.7739'-  1:0.4871  Cu^(OH)^SO, 

Phvs.  Char,  Crystals  prismatic,  somewhat  elongated  ||  c,  ver- 
tically striated:  sometimes  elongated  ||  b.  Acicular  groups;  encrusting: 
massive.    Cleavage  perfect  ||  010.     H.  —  .1.5-4.     G.  =  3.9.     Fusible. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  lo  loo;  the 
n^ative  acute  bisectrix  is  normal  to  Oio.  The  angle  of  the  optic  axes  is 
lai^e.    Color  emerald  green. 

(-)  2H.=96'± 

Occur.  In  veins  with  other  copper  minerals,  as  malachite, 
aiacamite.  chalcopyrite,  etc. 

Lwgite  [Cu,(OH),SO,-f  HjO]  is  chemically  related  to  bro- 
chantite;  it  is  orthorhombic  with  o:  6:  c;  :o.S3S:  I  :o.63S.  Crystals  small, 
complex.  Twinning  on  iio  like  aragoniie.  Fibrous  or  lamellar  crusts. 
Cleavage  |!  ooi  and  oro.  H.=  2.5-3.  G.=  3-48-3.50.  Heating  changes 
the  color  through  green  to  black.  Optic  plane  parallel  to  010 ;  acute  bisec- 
trix X  normal  to  001.  Color  blue  to  greenish  blue.  Pleochroic.  Found 
in  slaty  schists.     Rare. 

Herrengrundite  ((Cu,Ca)^(OH),(SO^), -l-jHjOl  is  another 
related  mineral;  it  is  monoclinic  witH  o:  6:  e: :  I.816:  1 :2.8oo  and  p=: 
"8°  50'.  Crystals  tabular  [|  001,  six-sided,  usually  in  spherical  groups. 
Twinning  on  001.  Cleavage  perfect  {|  001.  distinct  l|  tio,  in  traces  {|  lo2. 
H.  =  2.5.  G.  =  3.13.  Fusible.  Soluble  in  acids-  Optic  plane  and  obtuse 
bisectrix  Z  normal  to  OIO ;  X  nearly  parallel  to  c.  2E  =  65"  18'  to  66"  53* 
Na.     Dispersion  p  <  *   strong.     Color  emerald   green  to  bluish   green. 


Cu:,..J.X^O(>t^lc 
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Streak  light  green.  Pteochroic,  with  Z  yellowi^  BTeen,  Y  bluish  green 
X?  Found  in  quarii  conglomerate  with  malachite  and  calcite.  Very  rare. 
Serpieritc  is  a  basic  sulphate  of  copper  and  zinc  in  orthorhombic 
tabular  tufted  crystals  with  a:  6  :c::o.85g:  i  :  1.364.  Optic  plane  ||  100; 
acute  bisectrix  X  normal  to  001.  2£  =  66''-67''  Li;  disperiion  p>i' 
strong.  Color  bluish  green.  Found  on  srmthsonite  at  zinc  mines  of 
Greece.    Very  rare. 

BROHLITE,  see  aragonite.  BRONZITE,  see  pyroxene  group, 

BROOKITE. 

Orthorhombic 

Phys.  Ch* 
habit.  Qeavages  in 
Infusible.     Insoluble  t 

Opt.  Prop, 
dicular  to   100,  but   ir 

allel  to  001  for  red  and  yellow  light  with  p>»  and  parallel  to  010  for 
blue  and  green  ligln  with  p<iv;  the  mineral  is  uniaxial  for  a  certain 
yellowish  green  tint.  Tn  some  crystals  the  plane  of  the  c^c  axes  is 
parallel  to  coi  for  light  of  all  colors.  The  axial  angle  decreases  with 
decreasing  temperature,  so  that  it  is  uniaxial  for  yellow  light  at  — igo'C. 


a:b:c::  0.8416 ;  i :  0.4772  TiO^ 

9.  Known  only  in  crystals  which  are  of  variable 
races  ||  no  and  001.  H.  =  5.5-6.  G.  =  387-4-08. 
«n  in  HF. 

The  acute  positive  bisectrix  (Z)  is  always  perpen- 
many  crystals  the  plane  of  the  optic  axes  is  par- 


-0.!e-<  roHb- 


Fign.  3<  t 


Optical  orientation  of  t 
Of   the  Bpectrura  1 


»  red  and  blue  ends 


(  +  )  2E  =  S5°2'Li 
2£  —  30°  16'  Na 

lE^o"    (yellowish  green   light) 
2£  =  33°  48'  Tl 
«g-2.74i4Na     n„-2.58s6Na     fip  =  a,5832Na 
fij  — Bp=r0.i58zNa 
Color  brown,   yellowish,   reddish,   black.     In   thin   section   pleo- 
chroisni  weak  in  yellow  and  brown  tints;  absorption  formula  either  Z> 
Y>X  or  V>Z>X. 


Occur.    Found   rarely  in 
rocks,  and  ns  a  secondary  product 

DiAG.  The  form,  the 
relief  and  the  ^Irong  birefringei 


!  of  igneous  and  metamorphic 

dispersion,   the  extremely  high 
of  brookite. 


C.u:,..J.AA)1>^Ic 


BRUCITE— CALAMINE. 


BRUCITE, 


Rhoubobedral  e  =  1.521  Mg(OH), 

Pays-  Chax.  Crystals  tabular  ||  0001 ;  usually  foliated  massive, 
sametimes  fibrous.  Cleavage  ||  oooi  micaceous  with  flexible  and  sectile 
lamella.     H.  =  2.5.     G.  =  2.38-2.4.     Soluble  in  acids. 

Opt.  Pbop.  Unianial  atwj  positive.  The  rings  are  often  some- 
what modified,  as  in  biaxial  crystals.  Refringence  moderate;  birefrin- 
gence rather  strong. 

n^-—  1.581     fip  =  r.560 
»j — ttj  =  0.021 

Color  white,  often  grayish  or  greenish.  In  thin  section  color- 
less or  very  pale  greenish. 

Alter,  Brucite  alters  to  hy-dromagnesite ;  also,  rarely,  to  ser- 
pentine. 

Occur.   Common  i 
stones;  further,  it  is  sometin 

Pyrochroite  [Mn(OH)„]  resembles  brucite  in  physical  charac- 
ters ;  in  thin  section  it  is  colorless  to  brown  and  pleochroic  with  Z  >  X, 
uniaxial,  and  negative.  Aiso  sometimes  biaxial.  Refringence  n,  ^1.723, 
f(p  =  i,68i;  ig  —  «j|^o.042.    Rare;  associated  with  hausmannite. 

DiAG.  Brucite  has  better  cleavage  than  alunite  and  flexible 
bmellx;  also  wholly  difFererrt  occurrence  and  association;  it  differs  from 
talc,  muscovite.  and  gypsum  in  being  uniaxial  and  positive,  and  from 
hydromagnesite  in  its  higher  birefringence. 


BRUSHITE,    see    pharmacolite.    BYTOWNITE, 
group.  CABRERITE,  see  vivianite. 

CALAMINE. 

Orthoshombic  a:b:c::  0.783 :  i :  0.478 

Phys.  Char.  Crystals  distinctly  hem- 
imorphic  when  doubly  terminated,  with  pyra- 
mids at  one  end  and  Ihe  base  and  domes  at  the 
other.  Usually  somewhat  elongated  1 1  c. 
Sometimes  flattened  |1  010.  Twinning  on  001 
rare.  Often  in  sheaf-like  aggregates ;  also 
fibrous  or  granular;  stalactitic,  massive,  etc. 
Qeavage  perfect  ]|  no,  imperfect  I|  lOl,  in 
traces  ||  001.  H.  =  4.5-5.  G.  =  3.4-3.5.  B.B. 
fuses  at  6,  giving  a  bright  light.  Gives  reac- 
tions for  Zn.  Soluble  in  acids  with  gelatiniza- 
tion. 

Opt.  Prop.  The  plane  of  the  optic 
axes  is  parallel  to  100;  the  positive  acute  bi- 
sectrix is  normal  to  001.     The  angle  of  the 


feldspar 


fZiiOH),SiO, 
CALAMINE 


cu:,..j.,Co(>^^[c 


142  OPTICAL  MINERALOGY. 

optic  axes  is  rather  large ;  axial  dispersion  very  strong  p  >  v. 
The  relief  is  distinct,  and  the  birefringence  moderate, 
(  +  )  2(^  =  46°  (2£  =  8i°Li  2£  =  76°T1) 
»t=  1-635    tim  =1-618    np— 1.615 
"«  —  "p  =  0.020  to  0.022 
Colorless,  white,  pale  bluish  or  greenish,  gray,  brown. 
Luster  vitreous. 

Incl.  Greenockite  (CdS)  has  been  found  in  fine  par- 
ticles included  along  surfaces  of  growth  of  calamine. 

Occur,  Commonly  found  in  veins  associated  with 
sphalerite  and  smithsonite;  also  disseminated  in  hmestone  with 
zlncblende.  marcasite,  pyrite  and  galena. 

Clinohedrite  [(ZiiOH)(CaOH)SiO,]  is  related  chemically  to 
calamine.  It  is  monoclinic,  with  u :  t :  c ::  0.682 :  i  ;  0.323,  and  ^  =  76=3'. 
Crystals  clinohedral  of  varied  habii,  Oeavage  perfect  ||  010.  H,  =  5.5, 
G.  =  3.33.  Fusible  with  exfoliation  at  4.  Gelatinizes  with  HCl.  Optic 
lilane  and  obtuse  bisectrix  2  normal  to  010 :  Y  a  e  =:  — 28°.  Birefringence 
not  rtrong.  Found  in  zinc  mines  with  willemitw,  brown  garnet,  axinite. 
Very  rare. 

DiAG.  The  strong  dispersion,  the  mode  of  occurrence, 
!ind  the  crystal  forms  are  quite  characteristic. 

Calcite  Group, 

This  is  a  group  of  carbonates  of  bivalent  metals  crys- 
tallizing in  the  hexagonal  system.  The  crystals  are  commonly 
rhombohedral  in  aspect,  but  calcite  has  many  crystal  habits. 
Often  compact,  fibrous,  lamellar  or  granular.  Also  stalactitic. 
Cleavage  always  very  perfect  parallel  to  the  rhombohedral  faces. 

The  minerals  of  the  group  are  all  uniaxial  and  negative. 
This  group  constitutes  probably  the  best  illustration  of  isomor- 
phism that  we  have,  since  in  chemical  composition  all  members 
of  the  series  are  strictly  analogous,  and  in  physical  properties 
are  very  similar,  and,  further,  since  many  of  the  type  minerals 
seem  capable  of  entering  into  isomorphous  jiiixtures  with  others 
in  all  proportions.  The  chief  minerals  of  the  group  may  be 
classed  as  follows: — 


aicite 

c  =  08543 

Oeavage  angle 

=  74° 

5S' 

CaCO, 

Dolomite 

c  =  0.8322 

Cleavage  angle 

^73° 

45' 

(Gi,Mg)CO, 

Magnesite 

f  =  0.81 12 

Cleavage  angle 

=  72° 

36; 

MgCO, 

Siderite 

c  =  o-8t84 

Cleavage  angle 

=  73° 

FeCO' 

Rhodochrosite 

f  =  0.8184 

Cleavage  angle 

=  73' 

0' 

MnCO, 

Smithsonite 

c  —  0.8063 

Cleavage  angle 

=  72= 

'   30' 

ZnCO, 

Ciiicjj.l^.OOglC 


CALCITE. 
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CALCITE. 
Rhombohedral  c  =  0.8543  CaCOj 

Phys.  Char.  Crystals  of  extreme  diversity  in  habit, 
sometimes  highly  complex.  Rhombohedral  cleavage  I|  loii 
perfect.  Common  polysynthetic  twinning  with  0112  as  twinning 
plane,  perhaps  due  in  part  to  the  grinding  in  making  sections. 


ngB,    !7a,    37b.    37e.     Simple   crystal    forms   of   calclte. 

Occurs  in  rocks  in  anhedra  or  in  fibrous  aggregates  or  in  con- 
cretions. H.  =  4.  G.  :^  2.72.  Infusible.  Easily  soluble  in  cold 
dilute  acids  with  effervescence. 

Opt.  Prop.     Uniaxial  and  negative.     Calcite  has  slight 
relief  with  very  strong  birefringence;  it  consequently  shows  in- 


c[eava««.  Marble.  U.  W.  1123.  Ona  nlcal. 
terference  colors  of  the  light  grays  and  greens  of  the  fourth  or 
higher  orders  even  in  very  thin  sections.  Very  slight  differ- 
ences of  thickness  due  to  imperfect  polishing  result  in  iridescent 
surfaces. 

«,  =  1.658    Up  =1.486 

Mg «p  —  0.172 
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Colorless,  white,  gray,  red,  green,  blue,  violet,  yellow, 
brown,  black.    Colorless  in  thin  section. 

Occur.  Not  only  extremely  abundant  in  sedimentary 
limestone  and  allied  rocks,  but  also  very  common  in  igneous 
rocks,  where  it  is  apparently  always  a  decomposition  product, 
although  there  are  all  gradations  from  some  amphibolites,  etc. 
to  pure  marble. 

DiAG.  Low  relief,  rhombohedral  cleavage,  polysyn- 
thetic  twinning  parallel  to  rhombohedral  faces,  uniaxial  negative 
character,  and  extremely  strong  birefringence  are  diagnostic 
features  in  thin  sections.  Very  ready  solubility  in  cold  dilute 
acids,  low  specific  gravity,  common  polysynthetic  twinning  and 
absence  of  crystal  boundaries,  must  be  relied  upon  chiefly  to  dis- 
tinguish it  from  dolomite  and  other  carbonates  of  the  same  group. 

DOLOMITE. 
Rhombohedral  c  =  0.832  {Ca,Mg)COa 

Phys.  Chab.  Similar  to  calcite  in  physical  and  optical 
characters,  but  occurs  even  in  rocks  with  crystal  boundaries  or 
a  distinct  tendency  toward  crystal  outlines.  Crystals  often  have 
■  slightly  curved  surfaces,  H,  =  4.  G.  =  2.88.  Infusible,  Only 
slowly  soluble  in  dilute  acids. 

Opt,  Prop.     Uniaxial  and  negative.     The  refringence 
and  birefringence  increase  with  increase  of  iron  content. 
FeCO,  absent  FeCO,3.29^       FeCO,io.6i;^ 

tij  =  1.682  1.6883  1.700S 

«i,  =  iS03  1.S070  1.S148 

n^  —  n^  =  o.-i79  01883  O-iSS? 

Occur,  Forms  rock  masses  of  dolomitic  Hmestone  and 
marble:  also  found  in  limestones,  phyllites,  etc.,  as  well  as  in 
occasional  cavities  in  basic  igneous  rocks. 

DiAa  Distinguished  from  calcite  by  tendency  to  crystal 
outlines,  absence  of  polysynthetic  twinning;  only  slow  solubility 
in  cold  acids,  and  higher  specific  gravity. 

HAONESITE. 

Rhomdohedhal  c  —  tySii  MgCO, 

Phys.  Chak.  Similar  lo  calcite  in  physical  and  optical  char- 
acters;  occirrs  both  in  crystals  and  as  anhedra.  Polysynthetic  twinning 
is  absent.  Somelimes  contains  considerable  isomorphons  iron  carbonate; 
it  is  then  called  breunnerite  and  is  often  yellowish  in  color  from  limonite 
alteration  products.  H.  — 3.5-4.5.  G.  — 3-0-3.1-  Infusible.  Insoluble  in 
cold  acid ;  effervesces  in  warm  acid. 
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Opt.  Pbop.  Uiuaxial  and  negative.  Color  white,  yellowish, 
grayish,  brown.    Colorless  in  thin  section. 

»1,=  I.7I7     ».p=i.3i5 

BrtMnneritt  with  16.33%  FeCO,,and  i2.83%MnCO,  is  said  to 
have  weaker  birefringence,  with  «,  =  17174.  »^=  1.5285.  »g  —  «p  =  0,1889. 

Occur.  Found  in  some  chlorite  and  talc  schists,  in  serpentine, 
etc 

DiAt  Distinguished  from  calcite  by  absence  of  polysynthelic 
twinning;  from  calcite  and  dolomite  by  extremely  strong  birefringence, 
insolubility  in  cold  acids,  and  higher  specific  gravity. 

SIpERITE. 

Rhombohedral  c  =  0.818  FeCOj 

Phys.  Char.  Similar  to  calcite  in  physical  and  optical 
characters;  occurs  in  crystals  and  massive.  Polysynthetic  twin- 
ning sometimes  present.  H,  =  3.5-4.  G.  3.83-3.S8.  Decrepi- 
tates, fuses  at  4.5,  and  becomes  magnetic.  Soluble  with  effer- 
vescence in  hot  HQ.  . 

Opt.  Prop.  L'niaxial  and  negative.  Double  refrac- 
tion strong. 

M,^  1.873      "P=  1.633 

«,  —  n^  =  0.240 

Siderite  with  17.04%  MnCO^  and  5.42'"-;  MgCO,  has 
M,  =:  1.9341,  Mp  =  1.6219 ;  H,  —  n,  =  0.3122. 

Color  gray,  rarely  green ;  by  alteration  becomes  brown 
to  red.  In  thin  section  ashen  gray  to  colorless ;  absorption  often 
distinct. 

Alter.  Changes  readily  on  exposure,  passing  to  limon- 
ite,  and  often  later  to  hematite  or  magnetite. 

Occur.  Found  in  many  sedimentary  and  metamorphic 
rocks,  as  limestone,  clay  iron  stone,  clay  slate,  mica  slate,  gneiss, 
etc.  Also  often  associated  with  metallic  ores  in  veins.  Occa- 
sionally found  in  basic  igneous  rocks. 

DiAG.  Differs  from  dolomite  and  magnetite  in  common 
polysynthetic  twinning  and  higher  specific  gravity;  differs  from 
calcite  in  common  presence  of  limonite  alteration  products,  in- 
solubility in  cold  acids,  and  higher  specific  gravity.  It  also  com- 
monly has  an  ashen  gray  color  with  distinct  absorption,  and  a 
high  index  of  refraction  similar  to  that  of  epidote.  The  indices 
of  refraction  of  siderite  are  both  higher  than  that  of  Canada 
balsam ;  this  is  not  true  of  any  other  mineral  of  the  group,  except 
smithsonite  and  rhodochrosite. 
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RHODOCHROSITB. 

Rbombouedral  c  =  oSiS  MnCO, 

Pbve.  Chak.  Similar  to  cakite-  Crystals  uncommon,  usually 
massive  eleavabk  lo  compact.  H.  ■=  3.5-4.5.  G.  ^  345-3.60.  Infusible, 
birt  decrepitates  and  turns  black.    Soluble  with  effervejcence. 

Opt.  Prop.  Uniaxial  and  negative.  Double  retraction  strong. 
Indices  of  refraction  high. 

n,  =  1.82     n,  =  1.60  1 

»g  —  »j,  =  0.222 

Color  rose  red,  dark  red,  yellowish  grky,  brown.    Streak  white. 

Alter.    Alters  rather  easily  to  pyrolusite. 

Occur.  Common  mode  of  occurrence  is  in  veins  with  ores 
of  silver,  lead  and  copper,  and  otlier  ores  of  manganese, 

DiAC.  Differs  from  other  members  of  the  group  in  associated 
minerals,  pyrolusite  as  an  alteration  product,  and  presence  of  manganese. 

SMITHSONITE. 

Rhombohedral  c  =0.806  ZnCOj 

Phys.  Char.  Similar  to  calciie.  Crystals  rar«;  crystal  faces 
usually  curved  and  rough.  Often  reniform,  in  incrustations,  or  granu- 
lar.    H.  i^  5.     G.  ^  4.30-4.45.     Infusible.     Soluble  with  effervescence. 

Opt.   Prop.     Uniaxial  and  negative.     Double  refraction   strong. 
n,=  1.8i8±     «„=  1.61766 

Color  while,  grayish,  greenish,  brownish,  blue.     Streak  white. 

Alter.    Alters  to  calamine,  to  quartz,  or  to  limonite. 

OccijR.  Found  in  veins  and  in  beds  usually  associated  with 
sphaieirle  and  galena;  also  with  copper  and  iron  ores.  It  usually  occurs 
in  calcareous  rocks,  or  in  veins  formed  hy  carbonated  waters.  Often  also 
associated  with  calamine. 

DiAC  Differs  from  the  other  members  of  the  group  in  mode 
of  occurrence,  alteration,  and  associated  minerals.  Also,  chemically,  in 
the  presence  of  zinc. 

CALEDONITE, 

Orthorhombic  a :  6 :  C  : :  0.916 :  i :  1,403  (Pb,Cu), (OH) ,SO^ 

Phvs,  Char.  Crystals  elongated  ||  a;  in  divergen*  groups. 
Cleavage  perfect  |1  ooi.  imperfect  ||  lOO,  H,  =  2,5-3,  G,  =  6.4.  Easily 
fusible.     Soluble  in  part  in  HNO,, 

Opt.  Prop,  The  optic  plane  is  parallel  to  100 ;  the  acute  bisec- 
trix X  is  normal  to  010.  2F  =  82°  37'Li.  Dispersion  p<.v  weak.  «„  = 
[.846  Li,  Color  deep  green  or  bluish  green.  Streak  greenish  white, 
Pleochroic. 

OCCVR.     Found  with  lead  ores  chiefly  in  quart?  veins. 
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CALOMEL. 

Tm.M»NAL  c  =  1.723  HgCI 

pHYS.  Char.    Crystals  pyramidal;  tabular  ||  001;  often  highly 

complex.     Cleavage  distinct   ||    100,   indistinct  ||   iii.     H.  =  1.-2.     G. — 

648.    Infusible,   but  volatile.     Soluble   in   aqua   regia. 

On.    Prop.     Uniaxial    and    positive.     Refriugtnce    very  high ; 

liireEtingence  twice  as  strong  as  in  any  other  known  mineral  except  stib- 

n^  =  2.6s59Na    »„  =  i.9732Na 
n,  —  n^  =  0.6827  Na 
Color  white,  yellowish,  grayish,  brown.     Streak  pale  yellowish 

OccfE.    Found  with  cinnabar  in  quicksilver  mines.     Rare. 

CANCRINITE,  see  nephelite  group. 

CARNALLITE. 

ORiHOkHOMBic  a:b:c::  0.594  '■ '  '■  0-6<>i  KMgClj+6HjO 

Phvs.  Char.  Crystals  resembling  hexagonal  pyramids,  rare. 
Commonly  massive,  granular.  No  distinct  cleavage.  H.  =  !•  G.  ^  1.6. 
Easily  fusible.     Soluble  in   H",0.     Deliquescent.     Taste  bitter. 

Opt.  Psop.    The  optic  plane  is  parallel  to  010;  the  acute  bisec- 
trix Z  is  normal  to  100.     Birefringence  strong.     Dispersion  p  <  v. 
(+)  2f  =  6g°48'  <2£^iiS''6') 
«,  =  1-4937    "n  =  "4753    \  =  i  4665 
"«  ~~  "p  ~  00272 

Color  white,  often  reddi'ih  metallic  on  account  of  inclusions 
of  hematite  scales.     Colorless  in  thin  section. 

Occur.     Found  in  salt  deposits.     Rare. 

ErythroBiderlte  (K^FeCl^  H^O)  is  also  orthorhombig  with 
a-b:  c::o.6gii  J  10.718 ;  etysiais  elongated  ||  c,  flattened  ||  100.  Very 
(Iciifiucscent.  Optic  plane  parallel  to  001  ;  acute  bisectrix  X  normal  to 
roo.  Optic  angle  large  (2£>i30°);  dispersion  very  strong  with  p<^V. 
Birefringence  strong.  Yellow  and  not  pleochroic  in  thin  section.  Red  in 
mass.     Found  with  other  chloride,^  and   with   realgar  and  sulphur  at  Ve- 

ChIorniang>nokftlite(K^MnCI„)  is  rhombohedral  with(  =  o,58: 
crystals  rhombohedral  without  cleavage.  Fracture  conchoidal,  glassy.  H.  =r 
i-S-  G.  =  2.31.  Deliquescent.  Readily  fusible.  Uniaxial  and  positive. 
(Said  by  Lacroix  to  be  biaxial  with  small  optic  angle,  and  monoclinic) 
Refringence  moderate  tt  =  I.S9:  birefringence  very  weak.  Color  yellow 
m  mass.    Formed  at  Vesuvius  by  volcanic  vapors. 

CARPHOLITE. 

Orthobbombic  Axial  ratio  unknown  H^MnAl.^SijO,, 

Phys.   Cbah.     Not   found   in   distinct  crystals,  but  in  fibrous 
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aggregates  with  cleavage  parallel  to  the  elongation.     H.  =  5.-5.S.     G.  =: 
2.87-2.93,    Not  distinctly  attacked  by  acids. 

Opt.  Pkop.     The  plane  of  the  optic  axes       CARPHOLITE 
is  parallel  with  the  elongation.     The  negative  acute 
bisectrix  is  perpendicular  to  the  vertical  axis.     The 
elongation  is  therefore  positive.     The  angle  of  the 
optic  axes  is  variable,  but  reaches; — 
(— )  2F  =  63°  about 

n  =  i-6z  about 
",  —  Mp  =  0.022  about 

Color  straw  to  wax  yellow;  in  thin  sec- 
tion colorless  to  yellow,  with  distinct  pleochroism 
in  the  colored  varieties  as  follows; — 

Z  =  colorless 

Y  —  golden  yellow  to  colorless 

X  =  golden  yellow  to  colorless 

The    maximum    absorption    is    therefore 
transverse  to  the   elongation.     The  colrr   may  vary 
■   in  a  single  crystal.  °^   carphoiite. 

Occur.    Found  rarely  in  quartz  and  metalliferous  veins. 

DiAC.     Distinguished    from    ardennite   by   positive   elongatio 
lower  relief,  and  fusibility. 


:  copiapite.  CASSITERITE,  see  rutile 


CARPHOSIDERITE,  £ 
gronp. 

CATAPLEIITE. 

Hexagonal  e=  1.362  Hj(Naj,Ca)ZrSijO,, 

Phvs.  Char.  UsuaJly  thin  tabular  hexagonal  prisms  when 
crystallized.  Twinning  common  of  different  kinds.  Cleavage  perfect  |j 
loTo;  difficult  i|  loii  and  ior2.  H.  =6.  G.  =  2.8.  Soluble  in  acids  with 
separation  of  gelatinous  silica.  Said  by  Brogger  to  be  only  pseudohex- 
agonal  and  really  monodinic  at  ordinary  temperatures. 

Opt.  Prop.  Uniaxial  and  positive ;  but  the  black  cross  some- 
times separates  iilig^tly  into  hyperbolas  indicating  an  optic  axial  plane 
parallel   (or  nearly  so)   to  the  face  io"ii. 

«g  =  i.62y    «„  =  1.599 
«,  —  "p  =  0030 

Recent  detailed  study  of  catapleiite  from  Greenland  by  Boggild 
indicates  that  the  change  from  monoclinic  to  hexagonal  ssfmmetry 
occurs  at  temperatures  varying  in  crystals  of  different  habit,  and  even  in 
different  crystals  of  the  same  habit.  The  temperature  of  transformation 
varies  from  below  —50°  to  +220°  ;  at  ordinary  temperatures  most  crystals 
are  monoclinic  (or  orthorhombic?)  with  ng=:i.626p,  nn,  =  r.S92i,  Wp^ 
1.5905,  n,  — n„  =  0.0364,  and  2V  =  2S°'is'.  or  iE  —  ^i"!'.  Further,  in 
some  cases,  the  optic  plane  is  normal  to  lofo. 

Color  light  yellow  to  yellowish  brown,  grayish  blue,  violet- 
Almost  colorless  in  thin  section,  but  often  yellowish  in  some  parts. 

Occur.     Found  in  rircon  syenites  of  Scandinavia. 

DiAG.      Approximately    uniaxial    positive    character    with    high 
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relief  and  strong  birefringence'  serve  to  i<lentify  the  mineral.    Also  pris- 
matic cleavage  aDd  solubility  with  gelatinizalion. 

CELADONITE,  see  glanconite.  CELESTITE,  see  baritc  group. 
CELSIAN.  see  ieldspar  group.  CERARGYRITE,  see  halite  group. 
CERUSSITE,  sec  aragonite  group.  CHABAZITE,  see  zeolite  group. 

CHALCANTHITE. 

TwcuNic  a:b:c::  0.5656 :  i :  0.5507  CuS0^+5H,0 

«  =  &"  81'  ;3  =  73'  II'  y  =  77"  37' 

Phys.  Cba&.     Crystals  usually  flattened  ||   iii;  also  massive, 

stalactitic;  sometimes  fibrous.    Cleavage  imperfect  ||   no,  iio,  and  III. 

H.  =  2.5.     G.  =  a.i2-a.3a     Soluble  in  H^O  from  which  iron  precipitates 

Opt.  Prop.  The  negattv>e  acute  bisectrix  is  in  the  upper  rigbt 
hand  rear  quadrant ;  it  therefore  lies  betv^een  — a,  +6,  and  +c.  A  plane 
normal  to  this  bisectrix  makes  an  angle  of  81*31'  with  no,  an  angle  of 
43°  41'  with  iio  and  an  angle  of  72°  52H'  with  in.  The  refringence  is 
low,  and  the  birefringence  rather  strong.  The  angle  ot  the  optic  axes  is 
considerable;  dispersion  p<f. 

{— )  2F  =  s6*2'  (2E  =  93''i'). 

n,=  i-54&4     "a,  =  1-5394     (1^=1.5156 

»,  — 1^  =  0.0308 

Color  bJue  of  various  shades,  sometimes  greenisk  Colorless 
in  thin  section. 

Altes.  Varieties  not  compact  readily  fall  to  white  powder 
on  exposure  to  air. 

Occur.  Commonly  formed  by  the  oxidation  and  hydration  of 
sulphide  copper  ores,  such  as  chalcopyrite  and  chalcocite.  It  is  therefore 
found  in  some  spring  waters,  and  in  the  waters  of  some  copper  mines, 
from  which  it  forms  stalactites.     Rarely,  in  fibrous  form  in  veins, 

CHALCOCITE. 

OltTHOiiHOUBiC  a:b:c::  0.5822 :  I :  O.9701  Cn  .S 

Phvs.  Chab.  Crystals  commonly  hexagonal  in  aspect  some- 
times by,means  of  twinning  on  no.  Rarely  elonfjtated  {|  a.  Usually  mas-' 
sive,  granular  to  compact.  Qeavage  indistinct  ||  no,  H.  —  2.5-3.  G.^= 
5.5-5.8.  Fuses  easily  to  a  globule  and  yields  ci^per  in  reducing  flame. 
Soluble  in  HNO,. 

Opt,  Psop.  Opaque.  Color  blackish  lead  gray.  In  reflected 
light  has  metallic  luster  and  darlc  lead  gray  color.     Sometimes  tarnished. 

Alter.  Alters  sometimes  by  gradual  transformation  to  covel- 
lite  (CuS)  :  also  to  chalcopyrite,  bornite. 

Occur  Found  in  vein?,  and  also  disseminated  in  limestones 
and  other  rocks,,  associated  with  chalcopyrite.  bornite,  enargtte.  etc.  Also 
produced  by  the  action  of  hot  sprinRS  upon  copper  coins. 

CHALCOPHYLLITE,  see  tyrolite. 
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CHALCOPYRITE. 

Tetragonal  c  =  0.985  CuFeS^ 

Phys.  Char.  Crystals  commonly  tetrahedral  in  aspect,  often 
horizontally  striated.  Twinning  on  iii,  often  in  penetration  forms;  less 
commonly  on  loi,  or  110.  Often  massive,  compact.  H.  =  3.5-4.  G.^ 
4.1-4.3.  Fusible  to  magnetic  globule.  Soluble  in  HNO^  with  residue 
of  S. 

Opt.  Pitop.  Opaque.  Color  brass  yellow,  often  tarnished.  In 
reflected  light  has  metallic  luster  and  brass  yellow  color.     Polisjies  readily. 

Alter.  Chalcopyrite  may  oxidize  to  a  sulphate;  other  altera- 
tion products  include  malachite,  chrysocolla,   limonite. 

Occur.  Chalcopyrite  is  the  most  widely  disseminated  ore  of 
copper.  It  occurs  frequently  in  veins  with  other  copper  minerals;  it  is 
also  found  disseminated  in  crystalline  schists  and  gneiss,  and  in  serpen- 
tine. Less  commonly  it  is  found  in  igneous  rocks.  Finally,  it  is  pro- 
duced by  .the  action  of  hot  springs  upon  copper  coins,  and  is  sometimes 
formed  in  metallurgical  furnaces. 

CHILDRENITE. 

Orthorhombic       a:b:c::o,778:  1:0.526       (Fe.Mn)AU0H)^P0,+2H,0 

Puts.  Ch.«.  Crystals  pyramidal  or  prismatic.  Cleavage  im- 
perfect II  100.  H.  — 4-5-5-  G.  =  3.18-.!. 24-  Fusible  at  about  4  after 
swelling.     Soluble  in  HCI. 

Opt.  Prop.  The  opitc  plane  is  parallel  to  too.  The  acute  bi- 
sectrix X  is  normal  to  010,  Optic  angle  somewhat  variable ;  dispersion 
p>i',  marked.  2E  =  74°  2^'  'Sa.  Color  yellowish  white,  yellowish  brown, 
brownish  black.     Streak  white  to  yellowish. 

Occi'H.  Found  on  phyllite  in  slate  mines ;  also  on  siderite.  pyr- 
ite  or  quartz,   sometimes  with  apatite  or  amblygontte.     Rare. 

Eosphorite  differs  chemically  from  childrenite  only  in  contain- 
ing dominant  manganese  instead  of  iron.  Crystals  prismatic,  vertically 
striated;  also  massive.  Cleavage  nearly  perfect  ||  100.  H.  =  5.  G.  =  3.II- 
3,15.  Optically  like  childrenite.  but  2/f  =  54°  30';  dispersion  p<r.  Color 
rose  pink;  also  yellowi^K  colorless,  grayish,  bluish.  Pleochroism  weak 
with  Z  pale  pink  to  colorless,  Y  deep  pink.  X  yellowish.  Found  in  p^- 
matite  vein  with  other  manganese  minerals.     Rare. 

CMLOANTHITE,    see    pyrite    group.    CHONDRODITE,    see 
humitc  group. 

Chlorite  Group. 

Phvs.  Char.  Characterized  by,  and  named  from,  the 
green  color  due  to  iron  protoxide;  bnt,  rarely,  chlorites  are  found 
with  white,  pink,  brown  or  blue  color,  ^'e^y  similar  to  micas, 
but  the  micaceous  cleavage  lamellie,  parallel  to  001  are  flexible, 
btit  not  elastic.  Distinctly  monoclinic  fclinochlore)  or  psendo- 
rhombcJiedrai  and  monoclinic  (penninitel.     Twinning  of  diffcr- 
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ent  kinds  is  very  common.     H.  ^  2.-3.     G.  t=  2.6-2.96.     Easily 
attacked  by  acids. 

Opt.  Prop.  Pleochroism  is  present  in  all  chlorites,  and 
the  maximum  absorption  is  always  in  the  direction  of  the  cleav- 
age. The  birefringence  is  usually  very  weak  (penninite  o.ooi) 
only  reaching  o.oio  in  clinochlore  and  0.014  i"  delessite.  The 
dispersion,  cm  the  contrary,  is  strong,  and  gives  the  chlorites 
bluish  and  yellowish  interference  colors  near  extinction. 

Occur.  Chlorites  are  very  widely  disseminated  in  na- 
ture, being  found  in  practically  all  classes  of  rocks,  and  are 
abundant  in  a  few.  They  are  the  only  essentia',  constituent  of 
chlorite  schist.  In  igneous  rocks  chlorite  is  always  of  secondary 
origin  being  formed  at  the  expense  of  the  aluminous  micas, 
pyroxenes,  amphiboles,  and  garnets.  It  is  also  formed  by  "reac- 
tion" between  minerals,  and  may  thus  replace  feldspars,  etc. 

DiAC.  The  chlorites  are  characterized  by  pale  green 
color,  with  distinct  pleochroism,  low  relief,  weak  birefringence, 
and  strong  dispersion;  also  by  flexible  but  inelastic  cleavage 
lamellas,  and  absence  of  alkalies. 

The  various  chlorites  show  relatively  slight  variations 
in  their  chemical  composition,  all  of  them  being  hydrous  alumi- 
num silicates  of  magnesium  and  iron.  They  are  classified  by 
Tschermak  on  chemical  grounds  as  orthochlorites,  which  occur 
in  crystals  or  large  lamellEe,  and  leptochlorites.  which  occur  in 
microscopic  scaly  masses.  Many  of  the  leptochlorites  are  too 
imperfectly  known  to  merit  description  here.  The  important 
recognizable  species  are  as  follows  :— 

Ohthochi/jhites 
Penninite  H„(Mg'.Fe)jAl„Si,0,„ 

ainochlore  H.(MK.Ff)-AljSi'.0,. 

Ripidoli!e   (or  Prochlorite)     H,„(Fe,Me)',,AI,,Si,,0„„ 
Conindophilitc  H,/Mg,Fe)„'A]„Si„d„ 

Delessite  Hj„(Fe,Mg),f  Al.Fe)^Si^O„ 

^finite  Composition? 

PENNINITE. 

MONOCLINIC    PSEUDOHHOMBOH^DRAL  H,{Mg,Fe) j.-\ljSi:,Oi, 

a:b:c:: 0,577 -  1 :  2-277 
^  ^  89°  40' 
Phys.  Char.    Usually  in  thin  lamellae  which  are  some- 
times triangular  or  hexagonal ;  sometimes  fibrous.     Perfect  basal 
001   cleavage,   producing  flexible  inelastic  lamallse.       Percussion 
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and  pressure  figures  are  like  those  in  mica.  Twinning  according 
to  the  penninite  law,  in  whiuh  the  twinning  plane  is  the  basal 
plane,  which  is  also  the  composition  face ;  and  also  according  to 
the  mica  law,  in  which  the  twinning  plane  is  perpendicular  to 
the  base  and  lies  in  the  zone  of  ooi  and  no;  in  this  case  also 
the  composition  face  is  often  the  basal  plane.  In  the  first  type 
there  is  rotation  of  180°  about  the  twinning  axis;  in  the  second 
case  the  rotation  is  60°  or  a  multiple  of  60°.  H.  ^  2.-2.5,  G,  = 
2.6-2.84.  Fusible  with  difficulty  after  exfoliation.  Decomposed 
by  H,SO,. 

Opt.  Prop.    The  acute  bisectrix  which  is  perpendicular 
lo  the  base  ooi   is  usually  negative.     The  mineral  often  gives 


t  penninite  showing  two 

the  interference  figure  of  a  uniaxial  species  on  account  of  the 
combined  effect  of  the  numerous  submicroscopic  twinning  indi- 
viduals.   The  optic  axial  angle  is  never  large.    Strong  dispersion 
with  p>  V  in  negative  crystals,  and  p  <v  in  positive  crystals. 
(±)  2E  usually  nearly  o" 
"«~  1-579     "p- 1-576 
"k  —  «p  =  0.001    to  0.0C3 

The  polarization  colors  are  very  characteristic,  being 
in  the  grayish  blue  of  the  first  order  for  sections  of  0.02  to  o  03 
mm.  thickness.  In  ordinary  light  there  is  no  extinction  on 
account  of  the  strong  dispersion;  instead,  the  color  is  a  darker 
blue,  changing  to  "ultra  blue"  in  one  direction  and  pale  yellowish 
in  the  other. 

Color  green  of  various  shades;  rarely  red,  violet,  pink, 
yellow,  white.  The  pleochroism  is  distinct  and  becomes  stronger 
as  one  deals  with  varieties  more  deeply  colored.     The  minimum 
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absorption  always  occurs  in  the  directions  perpendicular  to  the 
base;  therefore  we  have*: — 


Z  =  8 


Penninite  + 
very  pale  yellowish  green 

to  colorless 
green 
green 


Y  =  green 

X  =  very  pale  yellowish 
green  to  colorless 

The  absorption  is  therefore  as  follows: — 

Penninite  —        Z  —  Y  >  X 

Penninite  +         Z  <  Y  =  X 

The  elfMigation  of  the  common  negative  penninite  is 
positive  with  extinction  sensibly  parallel. 

Occur.  Penninite  is  a  very  conimon  alteration  prod- 
uct; it  is  often  formed  from  biotite,  less  commonly  from  amphi- 
bole,  pyroxene,  garnet,  or  even  feldspar.  It  occurs  in  veins,  in 
rode  cavities,  and  in  all  kinds  of  rocks. 

DiAG.  The  distinguishing  characters  of  penninite  are 
its  pale  green  color  and  pleochroism,  generally  negative  sign, 
nearly  uniaxial  character,  and  very  weak  birefringence. 

CLINOCHLORE. 

MoNOCLiNic        a:  &:c::  0.577:  i :  2.277      H^f^^g,Fe)a.A.l5Si.^O,, 
^  =  89' 40' 
Phys,  Char.     Similar  to  penninite  in   physical  char- 
acters and  composition.     Microscopic   crystals   more   abimdant. 


ee  twinned  on  the  mloa  law. 
Polysynthetic  twinning  common.     H.  =^  2.-2.5.     G.  ^  2.65-2.78. 
Fusible  with  difficulty.    Decomposed  'jy  HjSO,. 
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Opt.  Prop.  The  plane  of  the  optic  axes  is  usually  par- 
allel to  GIG,  and  the  acute  bisectrix,  which  is  ordinarily  positive, 
is  nearly  perpendicular  to  ooi.  According  to  Tschcrmak  it 
makes  an  angle  of  2°  30'  with  the  normal  to  001.  The  angle  of 
the  optic  axes  is  quite  variable,  even  in  a  single  lamella,  but  it 
Is  distinctly  larger  than  in  penninite  except  in  colorless  clino- 
chlore.    Weak  inclined  dispersion  with  p  <v. 

(  +  )  2£  =  G°,  26°,  44°,  72°,  etc. 

«,  =  1-596      "b  =  1.588      Hp  =  1.585 

n,  —  nf  =  0.01 1 

Fine  twinning  bands  common  in  thin  sections. 

Color  dark  grass  green  to  olive  green ;  rarely  yellowish, 
white,  rose  red.  Pleochroisni  is  always  distinct,  except  in  the 
rare  uncolored  varieties,  as  follows; — 

C   Z  —  pale  yellowish  green  to  colorless 

^     Y  =  pale  green 

I  i    X  ^  pale  green 

The  absorption  formula  is  X  >  Y  >  Z. 

Occur,  \''ery  widely  distributed,  but  not  as  abundant 
as  penninite  as  a  microscopic  constituent  of  all  classes  of  rocks, 

DiAG.  Characterized  by  pale  green  color  and  pleochro- 
ism,  generally  positive  and  distinctly  biaxial  character,  notable 
birefringence  and  common  polysyntlietic  twinning  bands,  often 
with  perceptible  extinction  angles. 

RIPIDOLITE  (Prochlorite). 

MoNOCLmit  a:b:c:: 0.577  :  i :  2277  ^.i)*^*''**S)m'^'u^'i;Oj,^ 

^  =  89'  40' 
Phvs.  Char.    Similar  to  penninite  in  physical  and  optical  char~ 
acters,  but  usually  occurs  in  interlaced  lamellae,  or  more. rarely  in  vermic- 
iilate    prisms,    cr   in    rostlles,    or    spheroidal   groups.      H.  =  I.-2.      G-  =; 
.2.78-2.06.     Fusible  with  difficulty.     Decomposed  by  H^SO^. 

Opt.  Prop.  The  acute  bisectri.t  which  is  usually  positive  is 
inclined  about  2°  from  the  normal  lo  001.  The  birefringence  seems  to 
be  similar  to  that  of  penninite.  and  the  dispersion  is  also  very  strong,  with 
p<.v.    The  angle  of  the  optic  axes  is  small  and  often  almost  zero. 

Color  usually  green,  rarely  bronze  brown  or  greenish  gray.  TTie 
pleochroism  is  distinct  as  follows; 

Z  =  colorless  or  greenish  yellow  or  brownish 
Y  —  green,  yellowish  green 
X  —  green,  yellowish  green 
Occur.     Found  in  the  same  rocks  as  the  other  chlorites.  as  an 
alteration  product  in  eruptive  and  metamorphic  rocks,  and  as  an  essential 
of  some  crystalline  schists.     But  it  occurs  in  the  purest  masses  in  veins 
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in  these  rocks,  associated  with  quartz,  orthoclase,  albite,  rutile,  octahedrile, 
titanite,  ilmenite,  etc.  It  often  occurs  in  poikilitic  growths  in  orthoclase, 
albite,  quartz,  calcite,  axinite,  prehnite,  etc. 

DiAG.  Distinguished  from  penninite  by  its  vermiculate  forms, 
its  usual  positive  character,  its  greater  content  of  iron,  and  its  greater 
specific  gravity. 

CORUNDOPHILITE. 

MoNOOJKic  a:  b:c: :o.$77:  i :  2277  Hjjj(Fe,Mg)jjAlgSijO,j 

^  =  89'' 40' 
Phvs.    Char.      Similar   to  penninite.      Usually   in    six-sided   or 
twelve-sided  tables  or  low  prisms.     Laminx  somewhat  more   brittle  than 
those  of  penninite.     H.  =^  2.5-    G.  =  a.go. 

Oft.  Prop.  The  plane  of  the  optic  axes  is  parallel  to  010,  and 
the  positive  acute  bisectrix  is  inclined  8°  to  the  normal  to  001.  IDisper- 
sion  p  <  v  distinct.     Color  green. 

{+)   2E  =  variable,  e.  g.  65°,  80°. 
"m  =  I.583  about 
Occur.      Always    found    associated    with    corimdum   or    emery. 
Rare. 

DiAC  Distinguished  from  penninite  and  ripidolite  by  rather 
large  optic  angle  1  from  all  other  chlorites  by  association  with  corundum. 

DELESSITE. 

MoNOCLiNic?  Axial    ratio   unknown  H|j|(Fe,Mg)j(AI,Fe)^Si  Oj, 

Phvs.  Chas.     Resembles  penninite  in  physical  characters,  but 

occurs  in  lamellar  masses,  rosettes  or  sphenililes  without  crystal  outlines. 

H.  =;  2.-3.     G.  =  2,6-3.9.     Fusible  with  difficulty.     Easily  soluble  in  acids 

with  residue  of  silica. 

Opt.  Psop.    The  acute  negative  bisectrix  is  sensibly  normal  to 

the  micaceous  cleavage  001.    The  angle  of  the  optic  axes  is  nearly  zero. 

(-)   2£  =  0°  + 

n=  i.6ig  about 
n,  —  «=:  0.014  about 
Color  usually  green,  rarely  pink.     The  pleochroism  is  always 
distinct,  as  follows ; — 

Green  delessile  Pink  delessite 

Z  =  green  pink 

Y  =  green  pink 

X  ^  pale  green  or  colorless  pale  yellow  or  colorless 

Occur.  Very  common  alteration  product  of  old  basic  igneous 
rocks,  though  only  sparsely  distributed.  Also  found  filling  cavities  in 
altered  felsitic  rocks. 

Di.AC.  Distinguished  from  the  other  chlorites  by  its  stronger 
birefri  thence. 

.SRINITE. 
MoNOCLiNlc?  Axial  ratio  unknown  Formula  unknown 

Coup,  .^rinile  is  a  hydrous  silicate  of  aluminum  and  other 
bases,   probably  including  iron,  calcium   and   magnesium. 
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Phys.  Chak.  Crystals  unknown;  usually  comftact  Abrous  to 
lamellar.  Oeavage  jyerfect  |]  ooi.  C.  =  2Jfi.  Gives  water  and  turns 
to  wood  brown  color  in  the  closed  tube.  Easily  fusible.  Soluble  even  in 
cold  acids. 

Oft.  Pkop.  The  negative  acute  bisectrix  is  nearly  normal  to 
the  micaceous  cleavage  ooi.  The  direction  of  the  elongation  of  the  fibers 
is  therefore  positive.  The  optic  angle  is  small;  the  dispersion  is  very 
strong,  like  that  of  penninite.  The  fibers  and  lamellx  are  often  inter- 
laced. 

Color  blue ;  pleochroism  intense  in  thin  section  witb  Z  ^  Y  ^ 
dark  cobalt  blue,  X  =  yellowish  or  colorless. 

Occur.    Found  in  veins  in  altered  diabase.    Rare. 

DiAC.  The  micaceous  character  with  intense  blue  pleochroism 
is  quite  characteristic. 


CUoritoid  Group. 
TaicuNic  (Ht 


H.FeALSiO- 


(  PSEUDOHBX agonal) 

Axial  ratio  unknown 

CoMP.  It  is  Still  somewhat  uncertain  whether  the  minerals  in- 
cluded here  form  a  group' or  should  be  considered  simply  as  varieties  of 
a  single  species.  This  uncertainty  is  largely  due  to  the  fact  that  inclu- 
sions are  so  abundant  as  to  prevent  securing  pure  material  for  analysis. 
The  optical  properties  of  these  minerals  are  the  same,  or  at  least  very 
similar.  The  formula  given  above  corresponds  approximately  with  the 
analysis  of  chloritoid  (proper)  and  sismnniinc.  Magnesium  may  replace 
part  of  the  iron,  Venasquitc  contains  much  more  silica ;  oUrelite  is  rich 
in  silica  and  also  contains  some  MnO  replacing  part  of  the  FeO. 

Phys.  Char.  Similar  to  micas  in  form;  also  twinned  accord- 
ing to  the  mica  law  in  which  the  twinning  plane  is  perpendicular  to  the 
base  and  lies  in  the  zone  of  ooi  and  iio.  The  composition  face  is  usually 
the  base,  hut  may  vary  in  a  single  ma^s,  or  the  individuals  may  inter- 
penetrate irregularly.  Twinning  usually  poly  synthetic.  Basal  cleavage 
not  as  good  as  in  the  micas,  although  accentuated  by  twinning.  Difficult 
cleavages  parallel  to  no  and  no,  almost  perpendicular  to  ooi,  and  form- 
ing an  angle  near  120°.  Finally,  a 
cleavage  or  parting  parallel  to  oio  which 
approximately  bisects  the  obtuse  angle 
of  the  prismatic  cleavages.  Cleavage 
lamellx  arc  not  flexible.  H,  —  6,5.  G. 
=  3-26- ,1,57.  Nearly  infusible,  but  be- 
comes magnetic.    Decomposed  by  H,SO .. 

Orr.  Prop.  The  plane  of  IhV 
optic  axes  is  parallel,  or  almost  parallel, 
to  010.  The  positive  acute  bisectrix 
makes  an  angle  with  the  vertical  axis 
of  about  3°  in  some  cases,  12°  to  18' 
in  others,  and  in  exceptional  cases  28°. 
This  angle  is  large  in  oltrdite.  The 
angle  of  the  optic  axes  varies  in  differ- 
ent   localities.      The   dispersion    is    very 


CHLORITOID 
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>  V,  and  notable  horizontal  dispersion,  but  this  is  less  in 

{+)  a£  =  65"'  to  130° 

n„  =  I-74I 

w, — Hp  =  ox)ia  aboiK  (0.007  to  0.016) 

Color  dark  gray  to  greenish  black.     The  pleochroism  is  very 

strong  and  characteristic.    It  varies  id  intensity  in  different  localities,  but 

Z  =  greenish    yellow 
Y  =^  indigo  blue 
X  =  olive  green 
Incl.     Usually  rich  in  inclusions,  especially  of  grains  of  quartz, 
but  also  of  m^netite,  ilmenite,  rutite,  tonrmalinei  and  in  ottrelite  carbo- 
naceous matter,  which  is  sometimes  regularly  distributed. 
Altml.    Alters  to  muscovite  and  penninite. 
Occult.     Found  only  in  crystalline  schists  where  it  is  some- 
times very  abundant. 

DiAc;.  Color,  pleochroism,  high  relief,  weak  birefringence, 
large  cptic  angle  (cf.  chlorites),  and  strong  dispersion  are  quite  charac- 
teristic. The  cleavages  are  numerous  but  not  micaceous ;  the  cleavage 
lamellae  are  not  elastic  nor  flexible ;  the  specific  gravity  is  high. 

CHLOROPAL. 

MoNOCLiNic?  Axial  ratio  unknown  HjFej(SiO^)j-|-3HjO? 

pHYS.  Chal  Compact  massive,  resembling  opal;  also  earthy. 
Often  composed  of  macroscopic  laminie  in  radiating  aggregates. 
Cleavage  distinct,  parallel  to  the  lamination  001;  also  parallel  to  a 
prism  no  at  an  angle  of  63°-64°.  More  or  less  hygroscopic  Feel 
soi^  to  meager.  H.  ^=1.-2.  in  variety  nontronitt  \  2.5-4.5  m  other 
varieties.  G.  =  2.i-2.3S'  Gives  water  in  the  closed  tube.  Infusible. 
Partially  or  completely  decomposed  by  HCl. 

(^.  PiOF.  The  negative  acute  bisectrix  is  normal  or  nearly 
normal  tq  the  lamination;  the  elongation  is  always  positive.  The 
birefringence  is  strong,  Mg  —  »^  =  0.020  at  least  The  angle  of  the  (^tic 
axes  is  moderate,  2E^5$''±. 

Color  straw  yellow  to  greenish.  In  thin  section  the  pleochro- 
ism is  perceptible  with  Z  =  Y  =  yelIow  to  greenish  yellow,  X  =  pale 
yellow   to   colorless. 

Occur.  Chloropal  is  an  alteration  product  found  in  some 
mineial  vdns,  in  fractures  in  granite  rocks,  and  in  sedimentary  rocks. 
Rare. 

CHROHITE,  see  spinel  group. 

CHRYSOBERYL  (Cymophane). 

Orthobhombic  ar  6:c::o.4?o:  i  r 0.580  BeAl^O^ 

Phys.  Char.  The  axes  a  and  c  are  reversed  by  some  authors. 
Cleavage  imperfect  parallel  to  on  and  010.  Twinning  on  031  both  contact 
and  penetration ;  often  cyclic  giving  pseudohex agonal  forms.  H.  =  8.5. 
G-  ^  3S-3-84-    Infusible.    Insoluble  in  acids. 
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Opt.  Psof.    Tlie  plane  of  the  optic  axes  is  parallel  to  oio;  the 
positive   acule   bisectrix   is   perpendicular   to  ooi.  CHRVSOBCRYL. 

Dispersion  p  >  f.  Heat  causes  the  optic  axes  to 
come  together  and  then  open  again  in  a  plane 
parallel  to  001. 

(+J  2£  =  V  43'  <2^■  =  4S°  ao') 
",=  i-7S6    n„=i.748    nj,  =  i.747 
n,  —  n,  =  0.009 
Color  green  of  various  shades,  yellow, 
brown.     Colorless  in  thin  section.     Pleochipic  in 
very   thick   sections  as   follows: — 
Z  =  emerald    green 
Y  :^  orange  yellow 
X  ^=  columbine   red 
Occi'R.     Rare.     Found  in  mica  slate  in 
the  Ural  mountains;  in  alUivijil  deposits  in  Brazil 
a™!  Ceylon ;  in  granite  in  New  England. 

Di.iG.     Very  high  relief  wilh  weak  birefringence;  high  hardness 
nnd  specific  gravity;  infiisibility  and  insolubility. 


CHRYSOLITE,  s 
le  group. 

Cinnabar    Group. 


■   oliv 


;  group.  CHRYSOTILE.  s 


:  serpen- 


The  minerals  of  the  cinnabar  group  crystallize  in  the 
hexagonal  system;  they  are  simple  sulphides  (or  arsenides, 
antimonides)  of  mercury,  copper,  cadmium,  zinc,  nickel  or  iron. 
The  crystal  forms  differ  somewhat ;  some  of  the  series  are  trap- 
ezoliedral,  and  others  are  simj^e  hexagonal.  The  hardness 
ranges  from  2  to  4,  and  the  density  from  4  to  8. 

The  minerals  of  the  group  are  the  following: — 
Cinnabar  1"=:  '.1453 

Covellite  c  =  1.1466 

Greenockite  c  =  0.9364  or  0.8109 

Wiirlzite  c  =0.9440  or  0.817s 

Millerite  c  =  0.9883 

Niccolile  c  —  o.94''2  or  0.8194 

Breithaupiite  ^  ^0-9915  or  0.8586 

Pyrrholile  r=  1.0047  of  0.8701 


HgS 
CuS 
CdS 
ZnS 
NiS 
NiAs 
NiSh 
Fe.Sn    , 


CINNABAR. 


Hiix.\(X)NAL  c—  I-I453  HgS 

Piivs.  Char.  Crystals  usually  thick,  tabular  or  rhombo- 
hedral  in  habit;  trapezohedrttl  faces  rare;  sometimes  prismatic, 
acicular.  Twinning  on  0001,  often  interpenetrated ;  also  on  1120. 
In  crystalline  crusts;  also  granular  to  earthy.  Oeavage  perfect 
II  loTo.  H.  =  2.-Z.5.  G.  — 8.0-8.2.  Wholly  volatile  before  the 
blowpipe. 
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Opt.  Prop.  Uniaxial  and  positive.  The  refringence 
is  extraordinarily  high;  the  birefringence  extremely  strong; 
and  the  dispersion  is  remarkably  great.  Cinnabar  produces  cir- 
cular polarization. 

Hg  =  3.201  Li     Hp  —  2.854  Li 
«,  —  «,  =  0.347. 

Color  bright  red,  brownish  red,  grayish  red.  Streak 
scarlet.    Luster  adamantine. 

Occur.  Occurs  chiefly  in  veins  in  shales  and  slates; 
rarely  in  veins  in  igneous  rocks;  it  is  sometimes  formed  as  a 
result  of  solfataric  action  about  hot  springs.  It  is  often  associ- 
ated with  pyrite,  marcasite,  stibnite,  realgar,  calcite,  quartz,  opal, 
barite,  fluorite,  and  bituminous  material. 

DiAG.  The  optical  properties  are  quite  characteristic. 
Also  distinguished  by  its  red  color  and  volatility. 

COVELLITE. 

Hexagonal  c=  1.1466  CuS 

Phvs.  Char.-  Rare  in  hexagonal  crystals  horizontally  siriated. 

Usually   massive.     Cleavage   perfect    ||    0001 ;    flexible    in    ihin    latninv. 

H.  =^i-S-2-    G.  =  4.59-4-63.     B,B.  burns,  giving  off  S0„,  and  fuses  to  a 

globule. 

Opt.  Prop.    Opaque.    The  deep  indigo  blue  color  in  -Reflected 

lii^t  is  distinctive,  together  with  a  submetallic,  somewhat  resinous  luster. 
Occur.    .Associated  with  other  copper  ores,  as  chalcocite  and 

chalcopyrite.     Sometimes  derived  from  Ihe  alteration  of  chalcocite.     Rare- 

GREENOCKITE. 

Hex.^conal  -  c  =  0.8109  CdS 

Phvs.  Char.  Crystals  hemimorphic.  short  prismatic;  com- 
monly in  crusts;  earthy.  Cleavage  distinct  ||  1120.  indistinct  ||  0001. 
H.  =  3- -3.5-  G-  =  4.9-5.  Gives  a  reddish  brown  coating  in  the  reducing 
flame.    Soluble  in  HCl. 

Opt.  Prop.  Uniaxial  and  positive.  The  refringence  is  extreme- 
ly high,  but  the  birefringence  is  weak-     ftp  =  a.688.     Color  yellow  of  vari- 

OccUR.  Found  in  cavities  in  basic  igneous  rocks  with  preh- 
nite,  but  more  common  in  regions  of  zinc  ores  in  small  amounts,  coloring 
smilhsonite  or  coating  sphalerile.     Rare. 

WURTZITE. 

Hexagonal  f  =  0,8175  ZnS 

Phvs.  Char.  Crystals  hemimorphic,  short  prismatic  or  pyram- 
idal    in    aspect.      Also    finely    fibrous    or    columnar,    massive.     Geavage 
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easy  II  U20,  difficult  [[  oooi.  H.=:3.5-4-  G.  =  3-98.  Difficultly  fusible, 
giving  a  zinc  coaling.    Soluble  in  HCl. 

Opt.  Prof.  Uniaxial  and  positive.  Refringence  high;  birefrin- 
gence weak;  n^^n^  =  0.020.  Commonly  lamellar  parallel  oool  to  fibrous 
with  negative  elongation.  Color  brownish  black.  Luster  resinous.  Fee- 
bljf  pleochrdc  in  yellow  lints,  with  X  >  Z. 

OccuB.  Found  with  other  zinc  ores  and  with  copper  and  silver 
ores  in  veins.    Rare. 

DiAG.  Distinguishable  only  by  the  optical  properties  from 
sphalerite  when  crystal  form  is  lacking. 

HILLERITE. 

He\agi>nai.  c  =  0.9883  NiS 

Phvs.  Chak.  Usually  in  acicular  to  capillary  crystals  (of 
rhombohcdral  symmetry)  often  in  radiating  tufts;  also  in  fibrous  coat- 
ings. Cleavage  perfect  1 1  igV6.  01I6,  1013,  and  0113.  H.  =  3.-3.5-  G.  =  5.3- 
5.65.  Fuses  to  a  globule  B.B.  Reacts  for  Ni ;  also  often  traces  of  Co, 
Cu,  and  Fe. 

Opt.  Prop.  Opaque,  Color  brass  yellow  to  bronze  yellow, 
often  with  gray  iridescent  tarnish.  Streak  greeenish  black.  Luster  me- 
tallic and   color   pale   brass  yellow   in   reflected   light. 

Occur.  Found  in  cavities  in  veins;  also  in  geodes  in  limestoir,- 
with  calcite,  dolomite  and  iluorite. 

Niccolite  (NiAs)  is  closely  related  to  millerite.  Crystals 
rare;  usually  massive,  also  reticulated.  H.  ~  5.-S-5-  G.  =  7-33-7-67-  Ft>- 
.■iible.  Color  pale  copper  red,  with  dark  gray  tarnish.  Opaque  with  me- 
tallic luster.  Soluble  in  aqua  regia.  Found  in  veins  with  cobalt,  silver 
and  copper  ores-     Rare. 

Breithauptite  (NiSb)  is  related  to  niccolite.  Crystals  thin 
tabular  he.tagonal ;  also  arborescent  or  massive.  H.  ^  5.5.  G.  =^  7.34. 
Color  light  copper  red  with  tinge  of  violet.  Luster  metallic,  splendent. 
Streak  reddish  brown.  Opaque-  Found  in  veins  with  calcite,  galena,  and 
smaltiic.     Very   rare. 

PYRRHOTITE. 

Hexagonal  t^  =0.8701  Fe^Sn  .t 

Phvs.  Ch.vh.  Crystals  usually  hexagonal  prisms  either  elon- 
gated II  1:  or  in  flat  tablets.  The  mineral  usually  occurs  in  compact 
masses  more  or  less  granular.  Twinning  plane  ||  loii  produces  twins 
with  the  vertical  axes  nearly  at  right  angles.  Cleavage  sometimes  distinct 
1 1  OOOI,  difficult  It  1120.  H.  =  3.5-4,5.  G.  =  4.6  (pyrrholite)  to  4.S 
(troilite).  Unchanged  in  the  closed  tube.  Gives  off  sulphur  in  the  opett 
tube.  Fusible  to  black  magnetic  mass.  Soluble  in  HCl  with  liberation  of 
HjS,     Pyrrhotite  is  magnetic,  but  to  a  very  variable  degree. 

Opt.  Prop.  Opaque,  Color  between  bronze  yellow  and  ci^per 
red,  darker  than  [^rite.  subject  to  tarnish.    Luster  metallic    Streak  grajr- 
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ish  black.  Cleavage  usually  not  visible  microscopically.  Too  brittle  to 
take  a  good  polish.  Attacked  by  hot  HCl  (i  pan  in  i  part  H^O),  while 
pcntlandite  is  not. 

Occur.  Pyrrhotiie  is  found  in  basic  igneous  rocks,  and  much 
marc  rarely  in  acid  types,  especially  -nephclinc  rocks.  It  also  occurs  in 
amphibolites  and  crystalline  schists.  Further,  it  is  found  in  rocks  pro- 
duced by  contact  metamorphism.  But  the  largest  masses  and  best  crystalt 
are  found  in  metalliferous  veins.  Finally,  it  occurs  in  meteorites;  in  stony 
meteorites  pyrrhotite  occurs,  in  iron  meteorites  troilite  occurs.  Troilite 
has  the  composition  FeS.  It  is  possible  that  these  two  are  identical ; 
they  are  certainly  closely  related. 

DiAc.  Distinguished  from  pyrile  by  the  color,  the  crystal  form, 
the  density,  the  magnetism,  and  the  attack  by  HQ.  Distinguished  fron 
pcntlandite  by  etching  with  HCl. 

CLAUDETITE,   see  valentinite.  CLINOCHLORE,   see  chlorite 
group. 

CLINOCLASITE. 

MoNOCLiNic  a:b:c::  i.go?: :  1 :3.85i  CUj(OH),AsO, 

^  =  80°  30' 

Phvs.  Char.  Crystals  prismatic,  elongated  ||  b  or  tabular  || 
001.  Often  roughly  grouped;  also  spherical,  renifomi.  fibrous,  massive. 
Oeavage  perfect  ||  001.  H.  =  3.s-3-  G  — 4.19-4.36.  Fusible  at  2  with 
bluish  green  flame  color.    Soluble  in  HNO,- 

Opt.    Prop.    The    optic    plane    is    parallel    to   010;    the    acute 
bisectri.-c  X  makes  an  angle  of  about  +10°  with  c.    Optic  angle  large; 
slight  inclined  dispersion  with  p<iv  very  strong. 
(— )   2£  =  i34''  to  141°  Tl 

Color  blackish  hlue-green  on  the  surface,  dark  green  to  sky  blue 
inside.     Streak  bluish  green.     Luster  bright. 

Occur.  Found  with  copper  ores  often  in  .cavities  in  quart/ 
crystals.     Rare. 

CLINOHEDRITE,  see  calamine.  CLINOHUMITE.  see  humite 
group. 

Clintonitc  Group. 

MoNOCLiNic  »»(H,CaMg,.Si,0,,)+M(H,CaMgAI,0„) 

CoMP.  Chemically  there  is  a  series  of  minerals  quite 
closely  tainted  which  begitining  with  the  micas  pass  throttph 
marparite.  the  clintotiites,  and  the  chloritoids  to  the  chlorites. 
All  of  these  minerals  except  the  micas  and  the  chlorites  are 
sometimes  grouped  together  as  the  briUlc  micas  because  their 
cleavage  lamellae  possess  neither  elasticity  nor  flexibility.  All 
the  brittle  micas  are  sometimes  placed  in  the  cllntonite  group  in 
a  wider  sense  than  here  used. 
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Fhys.  Char.  Micaceous  basal  cleavage  giving  brittle 
lamellcC.  Twinning  according  to  the  mica  law.  Percussion  and 
pressure  figures  like  those  of  the  micas,  but  reversed  in  position 
so  that  the  pressure  figures  are  parallel  and  the  percussion  figures 
perpendicular  to  the  hexagonal  faces.    G.  =  3.0-3.1. 

The  minerals  belonging  to  the  group  are  as  follows : — 

Xanthophyllite  Hg(Mg,Ca)„AljjSi,0^j? 

Brandisite  Hg(Mg.Ca)gAljSij02g  ? 

Scybertite  Hj{Mg,Ca),Al,Si,0^g  ? 

XANTHOPHYLLITE. 

MoNOcLiHic  o:6:c;ro.577:i:3-244  Hg(Mg,Ca)j^A!jjSijO„  ? 

^  — 90° 

Phvs.  Chab.  Parameters  almost  the  same  as  those  of  biotite. 
Micaceous  basal  cleavage  with  brittle  lamella.  Twinning  according  to 
the  mica  law  usually  polysynthetic  Usually  in  tabular  crystals  simulating 
the  rhombohedron  and  base.  Percussion  and  pressure  fisures  interchanged 
in  position  as  compared  with  the  micas.  H.  =  4.5  on  ooi  and  5.5  on 
other  faces.    G.  =  3.0-3.1,    Infusible. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  lo  010 ; 
the  negative  acute  bisectrix  is  sensibly  perpendicular  to  001 — varies  32' 
from  perpendicular  position.  The  apparent  elongation  is  positive  with  sen- 
sibly parallel  extinction.  Weak  dispersion  with  p<r.  The  angle  of  the 
optic  axes  is  somewhat  variable,  but  not  large, 
(— )  aE  =  17°  to  32" 
n^  =  r.66i     n„  ^  1.660    n^  —  i.64g 

»*,—  Hp  =  0.012 

Color  leek  to  bottle  green.  Pleochroism  usually  weak  in  thin 
section  as  follows : 

Z  =  green 
Y  —  green 
X  =  reddish  brown 
Occur.    Found  in  chlorite  schists  in  the  Ural  mountains. 
DiAC.    Brittle  cleavage  laminae,  the  position  of  the  percussion 
and  pressure  figures,  the  hardness  and  the  infusibility  distinguish  this 
mineral  from  bjotite  and  chlorite.    Differs  from  ehioritoid  in  pleochroism, 
negative  sign  and  small  optic  angle.     Very  similar  to  brandisite. 

BRANDISITE. 

MoNocLiNic  Hj(Mg,Ca),Al,Si,Oj,? 

Phys.  Chab.  Similar  to  xanthophyllite  in  physical  characters 
Usually  in  short  hexagonal  prisms  limited  by  basal  planes.  G-  =  3,0-3.1, 
H.  =  S.  on  the  base;  6.+  on  other  faces.    Infusible. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to  010; 
the  negative  acute  bisectrix  is  sensibly  perpendicular  to  001.    The  angle 


^dbyGoogk' 


BRANDISITE—SEYBERTITE. 


163 


of    the  optic  axes    is   small.    The   ap-  BRANDISITC 

parent  elongation  is  positive  with  sen- 
sibly parallel  extinction.  Birefringence 
iDOderate.  Weak  dispersion  with  p<.v. 
C— )2E  =  i8'  to  35° 
Color  yellowish  to  dark 
green,  rarely  reddish  gray.  Cokirless  in 
thin  section :  in  thick  sections  pleo- 
chroism  as  follows: — 

Z  =  green 

Y=:  green 

X:=  brown 
OccuB.    Only  known  in  cer- 
tain  contact   rocts  of  Tyrol. 

DiAC.  Brittle  cleavage  lam- 
ina, the  position  of  the  percussion  and 
pressure  figures,  hardness  and  in  fusi- 
bility distinguish  this  mineral  from  bio- 

tite  and  chlorite.  Weaker  birefringence  than  biotite.  Differs  from  chlori- 
toid  in  absence  of  pleochroism,  negative  sign  and  small  optic  angle- 
Very  similar  to  xanthophyllite. 

SEYBERTITE. 

MoNocuNic  Hj(Mg.Ca)»AI,SijO,,  ? 

Phvs.  Char.    Similar  10  xanthophyllite  in  physical  characters. 
H.  =^4.-5-     G,  =  .10-3.15-     Infusible. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  perpendicular  to 
;e  bisectrix  is  nearly  perpendicular  to  001.  The 
s    positive    with 


010  -  the  negative 
apparent  elongaii 
sensibly  parallel 
of  the  optic  axes 
Weak  dispersion  w 
(-)  2£ 
n,  =  1.658      «„: 


The  angle 
ill,  but  variable. 

<v. 


I-6S7 


1.646 


Cclor  reddish  brown,  yellow- 
ish, copper  red.  Luster  pearly  subme- 
tallic.  The  pleochroism  is  rather  weak 
in  section,  as  follows : — 

Z  ^^  pale  brownish  yellow 
Y  ^=  pale  brownish  yellow 
X  =  colorless 

OcctJR.    Found      in      Orange      F"'K-   *^- 
Co.,  N.  Y.  in  limestone  with  serpentine.,;. 

DiAG.  Similar  to  brandisite  in  distinguishing  characters.  Dif- 
fers from  xanthophyllite  and  brandjsile  in  the  position  of  the  optic  plane, 
in  small  optic  angle,  and  in  pleochroic  colors. 

COBALTITE,  see  pyrite  group. 
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COLEHANITE. 

-  MoNOCLiNic  a:&:c::o.7748: 1:0.541  CajB^O^^+sHjO 

/3  =  69°  51' 
Phys.  Chak.  Crystals  usually  short  prismatic,  highly  modi- 
fied ;  also  in  forms  resembling  acute  rhombohedrons.  Massive  cleav- 
able  to  granular  and  compact.  Cleavage  perfect  ||  Oio,  distinct  ||  001. 
H.  =^  4--4-5'  G.  ^^  2.42.  Decrepitates,  exfoliates,  and  fuses  in  part  with 
yellowish  green  flame  color.    Soluble  in  hot  HQ. 

Opt.  Prop.    The  plane  of  the  optic  axes  and  the  obtuse  bisec- 
trix are  normal  to  010;  the  positive  acute  bisectrix  makes  an  angle  of 
83*   with  e.     The   refringence   is   moderate,   and   the   birefringence  Strong. 
The  angle  of  the  optic  axes  is  rather  large;  dispersion  weak,  p<.v. 
C+)  2^  =  55=  ao'  {2B  =  gs-  is') 
«g  =  i.6J398Na     n„=i.S9202Na     n^=i.s8626Na 
",  —  »S^  0-02772 
Colorless  to  while,  yellowish,  gray.    Luster  vitreous  to  ada- 
mantine.   Colorless  in  section. 

Occur.  Found  in  arid  regions  ip  California  with  quartz  and 
strontianite.     Rare. 

COLUMBITE,   see  stibiotantalite.  COPPER,  see  gold  group. 

COPIAPITE. 

MoNocuNic  a:b:c::o,^7g:  1 10.975  Fe^SjOj,+i8HjO 

/3  =  7a'  3' 

Phys.  Char.  Crystals  tabular  ||'  < 
gates,  or  maS'sive.  Oeavage  |]  010.  H.  =  2.5 
HjO;  heating  causes  precipitation  of  iron. 

Opt.  Prop,  The  optic  plane  is  normal  to  010  and  nearly  paral- 
lel to  40Q;  the  acute  bisectrix  X  is  normal  to  oio.  The  optic  angle  i; 
very  lai^e.  2^  =  90"+.  (aW^iii"  36'-n4°  15').  ng=i.572.  n^  = 
1S4?,  «p=  1-527,  «,  — >tj  =  o.052. 

Color  sulphirr  to  citron  yellow.  Luster  pearly.  Pleochroic  in 
lltiek  plates,  pale  yellow  to  colorless. 

Occur.  Found  with  copper  and  iron  vitriols ;  usually  produced 
\iff   t!:e   oxidation   of   iron   sulphide.     Rare. 

Amarantite  (Fe^SjOp-f^H^O)  is  chemically  related  to  copia- 
pite,  but  it  is  triclinic  with  a:  6:  c::0.769:  I  :a574  and  q  =  9S°  38',  j8  = 
Co°  24'  and  v  —  97'  13'.  Crystals  long,  prismatic,  vertically  striated ; 
in  columnar  or  bladed  masses.  Cleavage  perfect  ||  too  and  oio-  H.  ^ 
2.5.  G.  —  2.11-2.29-  Slowly  decomposed,  but  insoluble  in  cold  H.O. 
Optic  plane  inclined  about  38'  to  c;  extinction  in  the  -f  direction  on 
100;  on  010  — 16°  to  — 17°  on  c.  Acute  bisectrix  X  approximately 
normal  to  100;  aE  — 63°±rNa.  Dispersion  p-Cv,  strong.  Color  orange 
red,  brownish  red:  pleochroism  of  crystals  weak  on  100.  distinct  on 
010,  brownish  red  to  lemon  yellow.  Found  with  galena,  sphalerite,  chal- 
copyrite   in  copiapite.     Rare. 
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Fej(SOj),-i-9HjO 
r  rbambohedral.     Also 


CorphoBiderite  (Fe^S^Ou  +  loH^O)  is  chemically  related  lo 
copiapite,  but  is  apparently  rhombohedral.  Usually  in  reniform  masses 
and  incrustatimi ;  also  lamellar.  Basal  cleavage  perfect.  H.  ^=  4.-4.5. 
G.=  a.49-2.73.  Feel  greasy-  Insoluble  in  H^O;  soluble  in  HCI.  Uniax- 
ial and  positive.  Birefringence  strong.  Color  pale  to  deep  straw  yellow. 
Luster  resirwus.  Found  in  fissures  in  slate  and  sandstone,  probably  from 
oxidation  of  iron  sulphide.    Very  rare. 

COQUIMBITE. 

Rhombohedral  c  =  1.561 

Psys.  Chas.  Crystals  short  prismatic, 
granular  massive.  Twinning  on  ool.  Cleavage  imperfect  |{  lofo,  loTi, 
.;iio  oi7i.  H.  — 2.-2.5  G,  —  2.[.  Soluble  in  cold  H^O;  heat  precipitates 
iron.    Taste  astringent. 

Oft.  Pbop.    Uniaxial  and  positive.    Refringence  low. 

",=  1.5547    "p  =  1.5455 

«g  —  %  =  0.0092 

Color,  white,  yellowish,  brownish,  greenish,  amethystine. 
'  Occur.     Found   in   large   masses   in  a   feldspathic   rock ,   appar- 
(ntly  produced  by  the  decomposition  of  sulphides ;  also  reported  aboui 
volcanoes.     Rare. 

Quenstedtite  [Fej(SO^),  + loHjOI  is  chemically  related  to 
coquimbile,  but  it  is  monoclinic,  with  o :  6 :  c : :  0.394  '■  i :  0.406  and  ^  =  ?8° 
8'.  Crystals  like  gypsum.  Cleavage  perfect  1 1  010 ;  imperfect  1 1  100 
or  no  H.^a-s-  G.  =  2.i2.  Soluble  in  H^O.  Optic  plane  parallel  to 
010;  XAc^+ai".  Color  reddish  violet.  Luster  vitreous.  Fotmd  with 
coquimbite.    Rare. 

CORDIERITE  (lolite). 
Ohth.         a:b:c::o.5&7i :  i : 0.5585  H,(Mg,Fe)«Al,Si„0„ 

Phys.  Char.  Crystals  usually  short  prismatic  with 
basal   plane   prominent;   often   twinned   to  produce   pseudohex- 


11 


Optical       Figa.   18  and  4S.    Dlaeratns  of  b 
of  cor-    sIiDWIne  two  mod?9  of  grouplnK  ~ 
forms  through  twinning  on  110. 
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agonal  forms;  also  massive.  Qeavage  distinct  parallel  to  oio, 
indistinct  parallel  to  loo  and  ooi.  When  partially  altered  the 
mineral  becomes  lamellar  parallel  to  ooi.  Twinning*  with  the 
twinning  plane  parallel  to  no  or  130  often  repeated  to  produce 
pseudohexagonal  forms ;  sometimes  producing  polysynthetic 
bands  as  in  plagioclase.  H.  :=  7.-7.^.  G.  =  2.60-2.66.  Fusible 
at  5.5.    Partly  decomposed  by  acids. 

Opt,  Prop,  The  plane  of  the  optic  axes  is  parallel  to 
100;  the  negative  acute  bisectrix  is  perpendicular  to  001.  The 
dispersion  is  weak,  with  p  -Cv.  The  angle  of  the  optic  axes  is 
quite  variable  in  different  crystals,  and  may  even  vary  in  differ- 
ent parts  of  a  single  crystal.  Heat  increases  the  optic  angle 
very  perceptibly.  The  indices  of  refraction  also  vary  in  cordier- 
ite  of  different  localities. 


(_)  2l''=39'  to  84° 

about 

Haddam,  Ct.           Ceylon 

Bodenmais           Orijarvi 

",=         1.563                     1-543 

1.546                  1.540 

H„=            1.562                           I.S+2 

I-54I                     1.538 

'•p=        I-5S2                  I-S37 

1-535      ■            1-534 

-H|,=             O.OII                                0.006 

0.01 1                  0.006 

2V=      39°  32'               70°  23' 

84°  28              77°  57' 

According  to  Lacroix  n„  has  a 

n  average  value  of  about 

Fig.  EC.     BaiBl  a 


BtiowlDK  twInnlnK  ol  t 


Color  light  to  dark  blue,  smoky  blue.  Luster  vitreous. 
Color  and  pleochroism  arc  usually  absent  in  thin  sections,  but 
when  present  the  pleochroism  is  intense,  as  follows: — 

•A,   N.   Wlachell.     Amer.   Orul.  XXVI.  p.  208.   1900. 
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Z  =  clear  of  various  shades 

Y  =  dark  violet 

X  =  clear  yellow  tinted  with  green  or  brown 

Incl.  Cordierite  of  the  plutonic  rocks  often  contains 
inclusions  of  sitlimanite,  spinel,  staurolite,  zircon,  apatite  and 
dumortteritc.  The  last  three  are  often  surrounded  by  pleochroic 
halos  which  may  occur  even  in  colorless  cordierite.  In  these 
halos  the  color  parallel  to  X  is  changed  to  deep  lemon  yellow, 
the  refringence  is  slightly  increased,  and  unlike  halos  in  other 
minerals,  the  birefringence  is  decreased.  The  halos  disappear 
at  red  heat. 

Cordierite  of  the  volcanic  rocks  contains  many  vitreous 
inclusions  of  secondary  origin  accompanied  by  octahedrons  of 
spinel,  magnetite,  etc.  Cordierite  in  schists  at  granite  contacts 
.often  contains  carbonaceous  inclusions  regularly  distributed,  as 
in  andalusite. 

Altef.  Cordierite  alters  very  readily,  giving  rise  to 
many  products  of  varied  aspect,  which  have  received  many 
names.  These  secondary  products  consist  of  biotite,  muscovite, 
chlorite,  and  isotropic  substances.  Cordierite  when  altered 
chiefly  to  mica  with  development  of  basal  lamination  is  called 
gigantolite;  if  the  lamination  is  lacking  the  name  pintle  is  applied. 
Similarly,  when  the  alteration  product  is  chiefly  chlorite  it  is 
called  chlorophyllite  when  the  basal  lamination  is  present,  and 
prassolite  when  it  is  lacking. 

Occur.  Cordierite  is  found  in  acid  eruptive  rocks,  in 
gneiss,  in  schists  and  slates,  modified  by  eruptive  rock,  especially 
granite,  and  in  rock  inclusions  in  volcanic  rocks.  It  is  usually 
associated  with  quartz,  orthoclase,  aJbite,  tourmaline,  andalusite, 
sillimanite,  staurolite,  spinel,  garnet,  zircon,  etc. 

DiAG.  Distinguished  in  thin  section  from  quartz  and 
orthoclase  by  inclusions  (of  sillimanite,  staurolite,  etc.),  by  pleo- 
chroic halos  about  zircon  or  dumortierite,  and  by  the  mode  of 
formation  of  alteration  products.  Furtherrtiore,  the  refringence 
of  cordierite  is  distinctly  higher  than  that  of  orthoclase,  and 
quartz  is  uniaxial,  Pleochroism  and  pleochroic  halos  are  char- 
acteristic, if  present.  But  perhaps  the  most  satisfactory  diag- 
nostic is  the  symmetrical  extinction  in  twins  at  30'  from  the 
twinning  line  with  both  parts  of  the  twin  perpendicular  to  the 
negative  acute  bisectrix  (basal  section). 

CORUNDOPHILITE,  see  cillorite  group. 
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CORUNDUM. 
Rhombohedral  c=  1.363  AljO, 

Phys.  Chak.  Crystals  usually  hexagonal,  pyramid- 
iike*  forms  and  the  base.  Angles  often  rounded.  Twinning 
plane  the  rhombohedral  face  loii;  sometimes  penetration  twins, 
sometimes  polysynthetic,  Oeavages  absent;  but  parting  parallel 
to  0001  is  sometimes  perfect,  though  interrupted.  Parting  due 
to  twinning  parallel  to  loTi  sometimes  also  present.  H.  =  9. 
G.  =  3.9,'i-4.io.     Infusible.     Insoluble  in  acids. 

Opt.  Prop.  Uniaxial  and  negative,  but  often  showing 
optic  anomalies  consisting  of  biaxial  crystals  or  parts  of  crystals. 
The  optic  angle  is  usually  small  {2E  =  io°-i2°),  hut  sometimes 
larger  (2E  =  58°).  The  biaxial  character  is  distinct  in  crystals 
from  near  Bozeman,  Montana.  Birefringence  weak;  refringence 
high,  apparently  increasing  in  red  corundum  as  the  color  becomes 
darker. 

«,  =  1,7676  (sapphire)  17675  (ruby) 

«P=  17594  (sapphire)  ,17592  (ruby) 

"t — "p  =  0.0082  (sapphire)  0.0083  (''"by) 

Color  blue,  red,  yellow,  brown,  gray,  nearly  white.  Pleo- 
chroism  very  distinct  in  deeply  colored  varieties;  ordinary  gray 
corundum  is  colorless  in  thin  section.     Usually  blue  or  gray  in 
rocks.    In  thick  plates, 
Z  —  blue 
X  =:  green  or  bluish  or  colorless 

Alter.  Alteration  products  include  muscovite,  spinel, 
cyantte,  sillimanite,  conmdophilite,  etc. 

Occur.  Usually  found  in  crystalline  metamorphic 
rocks  such  as  marble,  mica  or  chlorite  slate,  gneiss,  etc.  Also 
found  in  eruptive  rocks  and  in  rocks  metamorphosed  locally  by 
eniptives.     Also  in  stream  gravels. 

Di.\G,  Distinguished  by  very  high  relief  and  weak  bire- 
fringence ;  also  by  its  form,  hardness,  specific  gravity,  and  insol- 
ubility. 

COVELLITE,  see  pyrtte  group.  CEICHTONITE,  sec  ilmenitc 
group.  CROCIDOLITE,  see  amphibole  group. 

CROCOITE. 

MosoCLiNTC  a:  b :  c::o.g6o:  1:0.916  PbCrO^ 

,8  — 77°  33' 
Pitvs,  Char,     Crystals     usually     prismatic ;     various      habits 
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known.  Also  imperfeclty  columnar  and  granular.  Qeavage  good  || 
Jio,  indistinct  jj  001  and  100.  H.  =  2.5-3.  G.  =  S!>-6.i.  Fuses  easily, 
deflagrates,  and  reduces  to  metallic  lead. 

Opt.  Phop.  The  plane  of  the  optic  axes  is  parallel  to  010; 
tbe  positive  acute  bisectrix  makes  an  angle  with  c  of  5J^°  in  the  obtuse 
iBgle  |8.  Refringence  extremely  high.  Birefringence  very  strong.  The 
angle  of  the  optic  axes  is  large;  inclined  dispersion  very  marked  with 
(J  >  p  weak.    Color  bright  red. 

(+)  2y  =  S4°  3    {2H  =  97*) 
n„  =  2.42± 

Occur.  Found  in  quanz  veins  in  gneiss  and  granite  with  goW, 
pyrile,  galena,  vanadinite,  etc.    Rare. 


MONOCLINJC  o:6:c::o.966:i:  1.3S8  Na^AlF, 

^  =  89'  49' 

Phys.  Chab.  Crystals  commonly  cubic  in  aspect  by  the  devel- 
opment of  001  and  110  since  p  is  nearly  90°  and  a  and  b  are  nearly 
(qua!.  Also  massive,  cleavable.  Twinning  on  no  as  contact  twins  an4 
also  as  lamella;  resembhng  plagioclase;  twinning  also  on  II2  in  contact 
forms,  and  on  ii3  in  lameltx,  which  may  be  produced  by  heat;  twinning, 
furtlier,  on  too  in  lamella.  Cleavage  perfect  ||  ooi,  good  1]  no.  distinct 
i;  lot.  H-  =  2,s.  G.  =  2.95-30.  Fusible  at  2.  Soluble  in  H^SO^  with 
Evolution  of  HF. 

Opt.  Prop.  The  plane  of  the  optic  axes  and  the  obtuse  bisec- 
trix are  normal  to  010;  the  positive  acute  bisectrix  makes  an  angle  of 
44°  with  c  (in  the  acute  angle  fi).  The  CRYOLITE. 

refringence  is   remarkably  low,  and  the 

birefringence    is    weak.    The    angle    of  "*' 

the  optic  axes  is  not  large;  axial  dis- 
pfrsion    p  <  r,    also    horizontal    disper- 

«  =  i.364Na  /Otf 

Colorless  to  snow  white;  also 
reddish,  brown,  black. 

Alter.  By  alteration  several 
hydrous  fluorides  are  formed.  Pachno* 
lite  is  a  monoclinic  (a:  6:  c: :  1.1626: 
>:i-532;  3  =  89"  40')   hydrous  fluoride  *"'«■    ^'-  ^^^^^ 

of    aluminum,     sodium,     and     calcium 

(NaCaAlFg.HjO)  commonly  in  long  prisms  with  pyramidal  terminations, 
and  rare  twinning  on  too.  The  cleavage  !|  001  is  indistinct.  H.  —  .!■ 
G.  =  2.93-3.0.  Optical  orientation  like  cryolite,  but  7.  M-=  -|-68'  and 
jE  =  120°±:  horizontal  dispersion  marked  with  p<.v  weak.  Optioally 
+.  Colorless  to  white.  Only  known  associated  with  cryolite.  Thorn* 
senoUte  is  also  monoclinic  (o:  6:  c:  :0.997s:  '  :  10329:  (5  =  86' 48'). 
with  the  same  composition  as  pachnolite;  its  crystals  are  cubic  in  aspect, 
or  prismatic;  also  massive,  like  opal.  Cleavage  perfect  ||  001,  imper- 
fect II  no,    H.  =  2.    G.  — 2.93-3.0.    Fuses  very  easily  with  much  deerepi- 
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tation.  Easily  decomposed  by  H^SO^.  Optical  orienlation  as  in 
cryolite,  but  XAc  =  —  52°-  2R  — eg"  36';  dispersion  p<i'  weak.  Optic- 
ally — .  Colorless  to  white  or  reddish.  Only  known  associated  with  cryolite. 
Prosopite  is  monoclinic  (or  triclinic)  with  a:  t:  c: :  1.3188:  i :  0.595  and 
^^85"  i4D';  formula  CaAl^(F,OH)g;  in  embedded  crystals  or  granular 
massive.  Crystals  sometimes  tabular  ||  010.  Cleavage  distinct  ||  an. 
H.  =  4,5.  G.  ^=3.88.  Optic  axial  plane  1 1  010 ;  positive  acute  bisec- 
trix nearly  parallel  to  edge  of  p}rr3mid  3ii.  Refringence  low,  birefrin- 
gence strong.  Optic  axial  angle  large ;  dispersion  p  >  v  strong,  zf  =  62° 
45';  2£=i02°  50';  »„^i.so2.  Colorless,  white,  grayish.  Found  with 
cryolite;  also  in  veins  with  tin  ores. 

Occur.  Found  in  large  amount  in  a  granite  vein  in  gneiss  in 
west  Greenland  associated  with  quartz,  fluorite,  siderite,  cassiterite,  gale- 
na, molybdenite,  etc  Also  known  in  pegmatitic  quartz  and  microcline 
with  zircon  near  Pike's  Peak.    Found  in  a  topaz  mine  in  the  Umen  Mts. 

Cryolithionite  (NajLi,Al,F,j)  is  a  cryolite  with  half  the  sodi- 
um replaced  by  lithium.  Isometric;  cleavage  ]|  ito.  H.^2.s-3.  G.  =; 
2.73.  Somewhat  soluble  in  H^O.  Isotropic.  Refringence  very  low,  »^ 
i.332sNa,      Colorless.      Found    with    cryolite   in    Greenland.      Very    rare. 

CUMENGfilTE.  see  percylite.  CUMMINGTONOTE,  see  amphi- 
ite,  EPIDIDYMITE,  see  eudidymite.  I 

CUPRITE. 

Isometric  Cu^O 

Phys.  Char.  Crystals  commonly  octahedrons;  also  cubes  and 
dodecahedrons    often    much    modified.    Also    capillary    (chalcotrichite) ;  , 

giannlar,  massive,  earthy.     Cleavage  indistinct  ||   Iti.     R    =3.5-4.     G.  =  | 

5.85-6.15.    Fusible,  giving  green  flame  color.     Soluble  in  pure  H  SO^. 

Opt.  Prop.    Isotropic;  bright  red  in  thin  section;  refringencs 
extremely  high.     Color  red,  usually  cochineal  red. 
n^2.84g. 

Alter.    Malachite  is  the  commonest  product  of  alteration ;  also  j 

native  copper,  azurite,  or  chrysocolla.  I 

Occur.  Usually  in  veins  and  confined  to  the  upper  oxidized  ' 
■portion.  Also  in  cavities,  or  somewhat  disseminated.  Associated  with 
other  copper  minerals. 

DiAG.  Distinguishd  from  othet  minerals  of  similar  color  by 
the  isotropic  character.  1 

CUSPIDINE. 

Monoclinic  a:  6:  e::o.724: 1 : 1.934  Ca^SiOj  with  CaF^  ' 

18  —  89"  22' 

Phys.  Char.  Crystals  minute,  pyramidal,  commonly  twinned 
on  100.     Cleavage  distinct  ||  lOO.    H.  =  5.-6.     G.  =  2.85-2.86.     Fusible  with  | 

difficulty.     Soluble  in  HNO^. 

Opt.  Prop.    The    optic    plane    is    parallel    to    010;    the    acute 
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bisectrix  makes  an  angle  of  sYt"   wiU>  c.    2£  =  iio''    Na-    Inclined 
dispersion  very  marked.    Color  pale  rose  red.    Luster  vitreous. 

Occur.    Found  in  rock  fragments  ejected  by  Vesuvius.    Very 


CYANITE  (DiMhene). 
TsicLiNic  o:&iir:;o.899: 1:0.697  AljSiO» 

a  —  go'2i'fi=  100°  18"  7  =  106'  1' 
Phys.  Chas.  Usually  in  long  bladed  crystals  rarely 
terminated.  Twinning  common  with  lOO  as  the  composition 
face  and  the  twinning  axis  either  perpendicular  to  100,  or  paral- 
lel to  100  and  001,  or  parallel  to  100  and  010.  Also  secondary 
twinning,  often  poly  synthetic,  with  ooi  as  the  twinning  plane, 
usually  accompanied  by  parting  parallel  to  001,  Very  per- 
fect cleavage  parallel  to  100,  less  perfect  parallel  to  010.  Flexible 
and  often  bent  or  twisted.  Hardness  very  variable.  On  the 
cleavage  face  100  the  hardness  is  4.-5.  parallel  with  the  vertical 
axis  and  6.-7.  parallel  with  001;  on  the  face  010  the  hardness  is 
about  7.,  and  on  iio  it  is  even  greater.  G.  =  3-5-3-7.  Infusible. 
Gives  blue  color  with  cobalt  solution.     Insoluble. 

Opt.  Prop.    In  the  acute  angle  001  a  did  on  the  face 
100  the  trace  of  the  optic  plane  makes  an  angle  of  about  30°. 


FtE-    S2.  Fig.    63.   DlBgram 

Opttcal  orientatloD    parallel    to    IDO    to 

or     cyanlte     In     a    show     the    relatlva 

■ectlon    parallel   to    piMltlon  of  the  op- 

1(H).  tic  planea  In  twina 

wlien  the  twlnnlns 

&xls    1b    nonoBl    to 

100. 


100  to  show  th« 

atlve   pOBltlOD  ol 
B  optic  planea  In 


The  negative  acute  bisectrix  is  perpendicular  to  100.  The  relief 
IS  very  hi^  and  the  optic  axial  angle  slightly  variable.  The  dis- 
persion (inclined  and  crossed)  is  very  weak. 
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{—)    2^11=82°  .to  84'. 

«,=  1.728     Hb,=  1.720    np  =  1.712 
«,  —  nf-=-  0.016 
Color  blue,  white,  rarely  gray,   green,  black.     Streak 
uncolored.    Colorless  in  thin  section;  sections  0.5  mm.  to  i.  mm. 
thick  often  show  color  and  pleochroism  as  follows : — 
Z  —  dark  cobalt  blue 
Y  =  violet  blue 
X  =  colorless 
Alter,     Cyanite  alters  very  readily  to  niuscovite,  some- 
times accompanied  by  chlorite. 

Occi-'R.  Found  exclusively  in  micaschists  and  pegma- 
tite veins  cutting  schists. 

DiAn.  Distinguished  microscopically  by  numerous  rec- 
tilinear cleavages,  high  relief,  rather  weak  birefringence,  and 
extinction  at  about  30°  from  the  vertical  axis  in  sections  parallel 
to  the  cleavage  and  therefore  perpendicular  to  the  acute  bisec- 
trix. (The  parting  parallel  to  001  makes  an  angle  of  about  90° 
with  the  vertical  axis  in  the  cleavage  face). 

CYANOCHROITE,  see  picromerite. 
CYANOTRICHITE  (Lettaomite). 

Orthobhomdic  Axial  ratio  unknown  Cu^AJj(OH),jSO^-|-2HjO 

Phvs.    Char.    Crystals  capillary,   drusy;   also  globular.    G.  = 

Opt,  Prop.    The  optic  plane  is  parallel  to  the  elongation  and 

the  acute  bisectrix  X  is  normal  thereto.    Dispersion  p'Cv  strong.     Color 
smalt  blue  to  sky  blue.    Luster  pearly.    Strongly  pleochroic. 
OccoH.     Found   with   copper   ores.     Rare. 

DANBURITE. 

Orthofhombic  a:  6:c::o.544:  1:0-481  CaBj(SiO^). 

Phys,  Char.  Crj-stals  usually  prismatic.  Cleavage  in  traces 
i]  001.  Irregular  fractures  numerous.  H.  —  7.  G.  =  2.98-3.02.  Fuses 
readily,  giving  a  green  flame  color. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to  001 ; 
the  acute  neRalive  bisectrix  is  perpendicular  to  010  for  red.  yellow  and 
green  light,  but  on  account  of  strong  dispersion  of  the  axes  the  bisectrix 
is  positive  and  perpendicular  to  (100)  for  blue  light.  Dispersion  is  p<r 
about  X. 

{-)  ar  ^  f«°  s.i'-SS"  ag'Na  2//^  100"  2o'-Toi''4.i;'Na 


cuiz.j.X^OO^^Ic 


OANBURITE—DATOLITE. 


X 

iy 

(_)  at' =89"  14'TI  2H=io2'  48'Tl 
(+)  2/  =  89''  A'Sg"  36'Cu30,  2H  =  ioi°-k>3* 
CuSO^ 

U  Na       Tl        CuSO^ 

«,  =  1.6331     1.6363    1.6393 
»m=  1-6303     16337    1.6366    1,646 
♦4,=  1.6358    1.6317    1.6356 
»,— tip  =  0.0073    0.0046    aoo37 

Color  pale  wine  yellow  to  colorless,  dark 
yellow,  yellowish  brown.  Luster  vitreous  to  greasy. 
Streak  white. 

.  OccvR.     Rare.      Found    in    metamorphic 
rocks  usually. 

Dug-  Very  large  optic  angle,  strong  dispnsitMi  and  weak  bi- 
refringence; also  fusibility  with  green  flame,  and  crystal  form. 

DatoUte  Group. 

The  datolile  group  consists  of  a  number  of  basic  orthosilicates 
of  boron,  aluminum,  or  yllrium,  with  calcium,  iron  or  beryllium,  which 
crystallize  in  the  monoclinic  system.  The  minerals  are  similar  in  their 
crystal  habit,  lack  of  good  cleavage  (except  euclase)  and  some  other 
physical  characters.    They  usually  occur  in  veins  or  cavities  in  crystalline 

The  minerals  of  the  group  are  as  follows: — 
Datolite  o:  6 re:  r 0.6345:   I ;  1.2657  ^  =  89°  5i'   Ca(BOH)SiO^ 

Homilite        a -.b-.c:: 0^249:   1 : 1.2824  ^  =  89°  21'   Ca„Fe(BO)„(SiO,), 
Euclase       20:  (-;4c:  :o,6474:  i :  1.3330  ,8  =  79°  44'    Be(AIOH>SiO, 
Gadolinite    a:b:4c:.o.6z73- '■  ^3^15  18  =  89°  sfi^i' Be^Fe(yO)j{SiO^)j 


DATOLITE. 


Monoclinic 


0.6345:1:  1.2657 


Phys.  Chab.  Usually  in  prismatic  crystals 
with  basal  planes  or  in  highly  modified  pyramidal 
forms.  No  distinct  cleavage.  H.  =  5.-5.5.  G.  —  2.9- 
3.0.  Gives  water  in  the  closed  tube.  Fiises  reariily 
with  intumescence  to  a  clear  glass  coloring  the  flame 
green.     Gelatinizes  with   HCI. 

Opt.   Psop.     The  plane  of  (he   optic  axes 
is    parallel   to  010;    the   negative   acute   bisectrix   is 
nearly  perpendicular  to  100 ;  it  makes  an  angle  of  86° 
to  89°  in  the  acute  angle  p  with  the  vertical  axis  in 
crystals  from     different  localities.     The  angle  of  the 
optic    axes    is    large    and    the    relief    considerable. 
Weak  inclined  dispersion,  with  p>r  distinct. 
(— )  2F  =  75°  to  760 
11,  =  1.670    n^  =  1.653    «!,  =  1,626 
tig— «^  =  0.044 
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Color  white,  sometimes  grayish,  greenish,  yellow,  red,  rarely 
dark  green.     Streak  white.     Colorless  in  thin  section. 

Occur.  Always  secondary;  often  associated  with  zeolites  in 
basic  igneous  rocks ;   less  common  in  acid  rocks  and  mineral  veins. 

DiAa  Optic  properties,  crystal  form,  presence  of  boron  and 
absence  of  aluminum,  fusibility,  gelatin  ii  at  ion. 


MONOCLINIC 


r.b: 


HOHILITE. 
;;:o.6z49:  >:  I-2824 


CajFe(BO),{SiO^), 

Fhvs.  Char.  In  crystals  often  tabular  [|  001  or  apparently 
octahedral  by  development  of  110  and  012  or  no  and  In.  Twins  with 
001  as  twinning  plane.  Qeavage  indistinct.  H.  —  5.  G.  =  3^8-3.34. 
Fuses  readily  to  a  black  glass.     Soluble  in  HC!  with  gelatinization. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  normal  to  010  and 
the  positive  acute  bisectrix  is  nearly  parallel  to  c.    The  angle  of  the  optic 


HOMIUITE 

OOf 


"*         ^  IT 


Flc.  67.    Optical  orientation  of  homlllte. 

axes  is  large.     Dispersion  distinct  p  >  f,  with  very  strong  horizontal  dis- 
persion of  the  bisectrices. 

(+)   2f  =  80' 
n  =  1.678      ■ 


No  distinct  pleochroism  in  thin 
r  brownish  yellow 


Color  black   or   dark   brown, 
sections.     In  thick  sections  the  pleochroi! 
Z  =  deep  smoky  gray  ( 
Y  =  deep  brownish  red 
X=  bluish  green. 
Absorption  visible  in  thick  sections: — Y>X>Z, 
Alter.    Homilite  alters  easily  to  an  amorphous  isotropic  sub- 
stance.    In  many  cases  an  exterior  altered  amorphous  zone  will  enclose 
an  unaltered  birefringent  center.     The  former  is  yellowish  and  the  latter 
greenish  in  thin  sections. 

Occur-    Found  in  veins  in  syenite  in  Norway.    Rare. 
DiAc,    Amorphous   alteration  products,   high   relief,   no  cleav- 
age, greenish  color  and  no  pleochroism  in  thin  section.     Chemically  test 
for  boron. 
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EUCLASE—GADOLINITE. 


EUCLASE. 


MoNooJNic  3a:  6 1 4c : :  0.6474 :  i :  1-3330  Be(A10H)SiO^ 

j8  =  79'  44' 

i^uAK.  Only  found  in  crystals ;  habit  prismatic,  but 
It  of  the  multitude  of  planes  occurring:  Cleavage  || 
II  100  and  001  difficult.  Elongated  parallel  to  c,  H,  = 
Fusible  at  5.5.    Insoluble. 


CUGLASC 


Flgr.    68. 


variable  on  accc 
Oio  highly  perfet 
7-S-    G.  =  3J3-3.i 

Opt.  Prop.  The  plane  of  optic  axes 
is  parallel  to  010;  the  positive  acute  bisectrix 
makes  an  angle  of  about  41°  with  the  vertical 
axis  in  the  obtuse  angle  p.  It  therefore 
makes  an  angle  of  only  8°  +  with  the  trace 
of  loi   in  oia 

(+)    sy^so'  ±     2E^83°   40' 

«,=  1.671     n„  =  1.655     tp  =  1-652 

%  —  '*f  =  0019 

Colorless,   pale  green,    blue,   white. 

Streak    colorless.      Colorless    in    thin    section; 

sometimes  distinctly  pleochroic  in  thick  plates, 

usually  greenish,  bluish,  and  colorless,  but  the 

orientation  of  the  colors   varies   in   different 

crystals. 

Occur.  Found  in  chlorite  schists 
with  topai,  etc    Rare. 

DiAC-  Crystal  form,  perfect  cleavage,  positive  elongation  with 
very  large  extinction  angle,  high  relief  and  association  with  topaz  are 
distinguishing  characters.    Also  presence  of  beryllium. 

GADOLINITE. 

MoKOCLiNic  o:  fr :  4c:  r  0.62726:  i:  1.321S  BejFe{YO)j(S!0,).. 

^  =  89°  26'A' 

Phys.    Char.    Crystals    rough,    prismatic,    terminated    by    the 
base  or  by  acute  pyramids.    No  cleavage.    Fracture 
conchoidal    or     splintery.      H.=6.5.-7-      G,  =  4--4-S- 
Solable  with  gelatini^ation  in  HCl. 

Opt.  Prop.  The  optic  plane  is  parallel  to 
Old;  the  positive  acute  bisectrix  Z  makes  an  angle 
with  c  of  4°  to  8°  in  the  green  mineral,  and  12°  to 
13°  in  the  brown  mineral  in  the  acute  angle  p. 
Strong  dispersion  with  p  <  w.  Refringence  high ; 
tMrefringence  normally  strong,  but  often  variable 
tven  in  a  single  crystal,  and  in  many  cases  wholly 
absent,  the  crystals  being  amorphous. 

(+)   21' =  85°   2/f  =  10S'-I06° 
••p>r.78 
, Color     black,     greenish     black,     brown. 
Streak  Greenish  gray.     In  thin  section  bottle  green 
or  brownish  without  perceptible  pleochroism. 


GADOLINITC 
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ALTUt.  Alteration  rtsulis  in  variable  luref^'ingence,  and  finally 
ihe  amorphous  state. 

Occult.  Found  chiefly  in  pegmatite  veins  often  associated  with 
fluorite.    Rare. 

DiAG.  Variable  birefringence,  high  relief,  no  pleochroism  in 
thin  section,  no  cleavage,  large  optic  angle,  and  presence  of  rare 
earths.     Associated  minerals  aid  in  identifying  this  mineral. 

DAWSONITE. 
MoNocLINIC?  .\xial  ratio  unknown  Na[A1(OHj)  JCO, 

Phys.  Char.  Crystals  bladed,  radiating;  in  crusts.  Good 
longitudinal  cleavage.  H.  —  3-  G.  —  24.  Gives  deep  yellow  flame  color 
and  swells.     Effervesces  with  acids. 

Opt.  Prop.  The  optic  plane  is  normal  to  the  elongation  and 
nearly  normal  to  the  cleavage.  The  birefringence  is  strong.  Optic  angle 
large.    Color  white.    Luster  vitreous. 

OccL'K-  Found  as  a  coaling  resembling  tremolite  on  joint 
planes  of  a  feldspa'hic  dike  culling  limestone;  also  in  qiiartzose  and  ar- 
gillaceous rocks ;  commonly  associated  witfi  calcite.  dolomite,  pyrite.    Very 


DELESSITE.  see  chlorite  group.    DESCLOIZITE,  s 
DEWEYLITE.  see  serpentine  group. 


Isc 

Phvs.  Chab,  Crystals  commonly  octahedrons,  dodecahedrons; 
also  cubes,  tetrahedrons,  and  modified  forms;  faces  usually  curved,  and 
often  striated.  Twinning  on  in  common,  both  contact  and  penetration 
types ;  also  on  001.  Also  in  anhedral  shapes,  spherical,  irregular.  Some- 
times radiated.  Cleavage  perfect  1|  ill.  H.  =  IO,  G-  — 3.2-3.52.  In- 
fusible.    Insoluble  in  acids  and  alkalies. 

Opt.  Prop.  Usually  isotropic.  Refringence  extremely  hij^i. 
Sometimes  shows  abnormal  birefringence,  which  may  be  in  regular  areas 
or  localised  about  inclusions;  rarely  distinctly  uniaxial.  Dispersion  very 
strong. 

n=2,4i3SLi.     «  =  2.4i95Na.     n  =  2.4278Tl. 

Colorless,  white,  yellow,  orange,  red,  green,  blue,  brown,  black. 
Luster  adamantine.     In  thin   section  transparent  to  nearly  opaque,  but 

Incl.  Inclusions  are  gaseous  or  solid;  often  carbonaceous  and 
abundant,  thus  giving  color. 

Occur.  Found  in  alluvial  deposits  associated  with  heavy  min- 
erals; al.^o  in  quarts  conglomerate,  in  itacolumite,  and  in  a  peculiar  peri- 
dotite  called   kimberlile.     Also  found   in   glacial  drift.     Also  known   in  a 

DiAG.  The  hardness,  adamantine  luster,  and  insolubility  are 
quite  distinctive.     Rarely  found  in  thin  sections,  even  of  dtamondiferoos 

rocks,  because  not  polished  by  ordinary  processes. 
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DIASPORe 


Diaspore  Group. 

This  is  a  group  of  hydroxides  of  trivalent  elements. 
The  minerals  are  all  orthorhombic  and  similar  in  physical  char; 
acters,  and  are  to  be  considered  isomorphous  in  spite  of  consid- 
erable variation  in  the  axial  ratios. 

Diaspore  o :  6 :  c ; :  0.9372 : 1 : 0.6039  At,0,.H,0  or  AIO(OH) 

Goethiie  o:6:c::o.9i85:i:o.6o68  Fe^Oj-HjO  or  FeO(OH) 

Manganite  a:b:c:i  O.8441 :  1  : 0.5*48  Mn^O^.H^O  or  MnO(OH ) 

DIASPORE. 

Orthorhombic  a:b:  c:;  0.937;  i :  0.604  AIO(OH) 

Phys.  Char,  Crystals  prismatic,  hut  usually  flattened 
1 1  010.  More  commonly  in  lamellar  masses.  Cleavage  perfect 
1 1  010,  less  perfect  ]|  zio.  H.  11=6.5-7.  G.  =:  3.3-3.5.  Insoluble 
in  acids ;  soluble  in  sulphuric  acid  after  calcinaticn. 

Opt.  Prop.     The  plane  of  the  optic  axes  is  parallel  to 
010  and  therefore  parallel  to  the  easy  cleavage.     The  positive 
acute  bisectrix  is  perpendicular  to  100.   Weak 
dispersion  with  p  <.v.    Relief  high  and  bire- 
fringence strong. 

(+)  2^1=84'' 20' 
n,  =z  1,750    «m  =  1.722    «p  —  1.702 
«f  —  "»  =  0.048 

Color  white,  gray,  greenish,  brown, 
yellowish,  colorless.  Colorless  in  thin  section ; 
slightly  pleochroic  in  thick  sections  in  blue  and 
green  tints. 

Occur.  Often  associated  with  cor- 
undum ;  also  found  in  volcanic  rocks  with  al- 

unite ;  also  in  various  schists.  „ 

Fig.  flo.  optical 
Bauxite  is  considered  by  Lacroix  to  2^^"°"  *"" 
be  a  rock  rather  than  a  mineral.  He  points 
OLit  that  the  composition  is  quite  variable  from  AljOj.sHjO  to 
.\l,0,.HiO  (at  least)  and  that  microscopical  examination  shows 
that  bauxite  Js  always  colloidal.  Bauxite  is  often  composed  of  a 
-  mechanical  mixture  of  colloidal  aluminum  hydrate  with  colloidal 
ferric  hydrate  and  clay,  and  qyartz  sand.  It  often  contains  large 
amounts  of  silica  and  ferric  iron,  and  sometimes  consider?.ble 
titanium  oxide,  phosphoric  acid,  etc. 

Whatever  the  character  of  bauxite,  it  is  important  as 
a  source  of  aluminum.     There  are  two  varieties,  the  white  and 
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the  red.  The  red  varieties  grade  into  limonite  iron  ore  of  such 
importance  that  attempts  have  been  made  to  use  it  commercially. 
Bauxite  is  found  in  compact  or  earthy  masses  or  in  concretionary 
masses.  It  is  rarely  absolutely  white,  but  varies  from  white 
through  gray  and  yellow  to  brown  and  red. 

Bauxite  may  be  distinguished  from  clay  since  it  does 
not  make  a  paste  with  water  and  is  attacked  by  alkalies. 

DiAC.  Diaspore  is  characterized  among  the  lamellar 
minerals  by  the  position  of  the  optic  plane  parallel  to  the  cleavage 
and  by  the  strong  birefringence ;  also  by  insolubility,  hardness 
and  specific  gravity. 

GOETHITE. 

Ofth.  o:6:c::o.9i85.  i:o.6o6S  Fe,0,-H,0  or  FeO(OH) 
Phys,  Char.  In  prismatic  crystals  vertically  striated 
or  in  scales  or  tables  flattened  |I  did,  or  more  rarely  ||  loo.  Also 
fibrous,  lamellar  or  compact.  Perfect  cleavage  1 1  OIO,  difficult  ]  | 
loo.    H.  =  5.-5.5.    G.  —  4.0-4.4.     Soluble  in  HQ. 

Opt.  Prop.  The  optic  plane  is  parallel  to  100  for  red, 
and  parallel  to  001  for  yellow  and  green.  The  acute  bisectrix, 
perpendicular  to  the  cleavage  010,  is  negative  for  all  colors.   The 
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Figs,  «1  a 

dispersion  is  extremely  strong  p  <v,  recalling  that  of  brookite, 

but  the  latter  is  reversed  (p  >  v.)    The  elongation  is  positive. 

red  yellow  green 

(— )  2£  =  58"  31'  36*  46'  67°  42' 

«=;2,5  about 

«,  — %  =  o.i34 
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Color  brown,  yellowish,  reddish.  Streak  yellow.  In 
thin  section  the  absorption  is  intense  with  Y  >  X  >  Z,  and  the 
pleochroic  colors  are; — 

Z  =  clear  orange  yellow 
Y  —  brownish  yellow 
X  =  brown 

Occur.  Usually  associated  with  hematite  or  limonite; 
also  found  as  inclusions  in  quartz  and  feldspars. 

DiAG.  Distinguished  from  limonite  by  presence  of  crys- 
tal forms,  by  relatively  small  optic  angle  and  by  its  abnormally 
strong  dispersion.  Hematite  is  uniaxial  and  hexagonal,  Goethite 
is  distinguished  from  lepidocrocite  by  its  abnormally  strong  dis- 
persion, by  its  relatively  small  optic  angle  and  by  differing  pleo- 
chroic and  absorption  formulas. 

MANGANITE. 

OwHoaaoMBic       a:b:c:: 0.8441 :  i ; 0;S448       MnjO,.H,0  or  MnO{OH) 

Phys.  Cbak.  Crystals  usually  show  many  faces;  striations 
Parallel  to  macro-axis  common.  Also  fibrous,  lamellar,  columnar  or  stal- 
aciiiic-  Twinning  on  011  either  of  contact  or  penetration  type.  Perfect 
■cleavage  ||  010  and  110.  H.  =  4.  G.  =  4.2-4.4.  Infusible.  Soluble  in 
HQ. 

Opt.  Prop.  Opaque  except  in  very  thin  sections  which  are 
brown.  Optic  plane  parallel  tc  001 ;  the  n^ative  acute  bisectrix  perpen- 
*<:ular  to  the  cleavage  oio.  Dispersion  very  strong,  ^>r.  The  optic 
3ngle  is  small     Birefringence  strong. 

Color  steel  gray  to  iron  black.  Luster  submetallic.  Streak 
dark  reddish  brown.  In  thin  section  pleochroism  distinct  in  brown  col- 
ors; absorption  formula  apparently  the  same  as  that  of  goethite. 

Altex.  Alters  readily  without  loss  of  form  or  luster  to  an- 
hydrous pyrolusite. 

Occvit.  Found  in  metalliferous  veins  and  rarely  in  sedimen- 
tary rocks. 

DiAG.  Among  manganese  minerals  mangantte  is  distinguished 
^y  iis  crystal  form,  its  easy  cleav^e,  its  frequent  fibrous  or  lamellar  state, 
and  its  streak.    The  color  differs  from  that  of  goethite. 

DIHYDRITB,   see  psetidomalachife.  DIOPSIDE.   see  pyroxene 

KTOUp. 
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DIOPTASE. 

Rhombohebral  c  —  0-534  H^CuSiO^ 

Phys.  Cuak.  Crystals  prismatic ;  sometimes  rhomiwhedral ; 
crystalline  aggregates;  massive.  Cleavage  perfect  ||  loTi.  H.^^S-  G.  ^ 
3-26-3.35.  Infusible,  but  gives  emerald  green  flame  color.  Gelatinizes 
with  HCi. 

Opt.  Prop.  Uniaxial  and  positive.  Birefringence  strong.  But 
the  mineral  is  frequently  biaxial  with  rather  large  optic  angle  (3^=43' 
max.)  ;  the  uniaxial  condition  and  apparent  rhombohedral  symmetry  seem 
to  be  due  to  submicroscoptc  groupit^s  of  orthorhombic  individuals  in 
which  the  optic  plane  is  parallel  to  the  shorter  lateral  axis  and  the  acute 
bisectrix  Z  is  normal  to  001. 

B,  =  1.697    »p  =  1-644 
«p—«P  =  0.053 

Color  emerald  green.  Streak  green.  Luster  vitreous.  In 
thick  sections  the  pleochroism  is  distinct  with  maximum  absorption  par- 
allel to  X. 

Occur-  Found  with  copper  ores  chiefly  in  veins,  often  with 
Ijmonile  and  cuprite. 


DIPYRE,  ; 


;apoli 


:  group.     DOLOMITE, 


DUHORTIERITE. 


is  parallel   to  010; 
In  the  twins  the 

DUMORTICRITC 


Obthorhombic  o:6:c;:o.4448:i:o.68;i  HCBO)  (A10)jAl(SiO^)3 
Phvs.  Char.  Usually  in  fibrous  or  columnar  aggr^ates. 
Twinning  with  no  as  the  twinning  plane,  often  forming  trillings;  also 
interpenetrated.  Cleavage  distinct  ||  lOO,  imperfect  ||  no.  Parting  some- 
times developed  {|  001.  H.  =  7.  0.-3-36-3.36.  Infusible.  Insoluble 
even  in  hydrofluoric  acid. 

Ojt.  Prop,  The  plane  of  the  optic  axes 
the  negalive  acute  bisectrix  is  perpendicular  to  001 
optic  planes  in  contiguous  individuals  make  angles 
of  about  60°  with  each  other.  The  angle  of  the 
optic  axes  has  not  been  accurately  measured.  The 
dispersion  is  strong  with  p  < ». 
(-)  2F  =  35°  to  40°  (2£  =  37°Na- California) 
«,^i.689    n„^i.686    Hp^i.678 

Hj tip— 0.01 1 

Color  bright  smalt  blue  to  greenish  blue. 
Luster  vitreous-     In  thin  section  the  pleochroism  is 
extremely  strong,  as  follows: — 
Z  ^  colorless  or  very  pale  blue 
Y  =  colorless  or  very  pale  blue 
X  —  cobalt  blue  or  violet    (or  pink,  or  green). 

The  pleochroic  colors   parallel  to  X   are 
quite  variable  even  in  a  single  crystal,  and  may  be 
brown,  red,  purple  or  salmon  pink.     Unlike  tour- 
maline the  maximum  absorption  occurs  parallel  to  the  vertical 
elongation  of  the  fibers). 
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DUMORTIERITE^EPIDOTE  GROUP.  i8i 

Pleochroic  halos  are  found  about  inclusions  of  dumorticrite  in 
cordierite. 

Alter.    Alters    rather  easily   to  a  mica,   probably  muscovite. 

Occur,    Found  only  in  gneiss  and  in  pegmatite.     Rare. 

Dug.  The  intense  [Jeochroisin  and  also  the  absorption  par- 
allel to  elongation,  are  quite  characteristic.  Further,  the  mineral  is  in- 
soluble in  HF. 

DURANGITE,   see   amblygonite.   EDINGTONITE,   see   zeoUte 
group. 

ELPIDITE, 

Orthorbombic  a:  &  re::  0.512: 1:0.978  NajZr(SijO,), 

Phys.  Char.  Crystals  prismatic;  usually  massive,  fibrous  or 
columnar.    H.  =  7.    G.  =  2.52-2-59. 

Opt.  Pkof.  The  optic  plane  is  parallel  to  010;  the  acute  bisec- 
trix Z  is  nonnal  to  100.  Dispersion  p<r  distinct.  Color  white  to^rick 
red. 

(+)  2V  =  75'  i2'Na 

"(=  i.5739Na    n„  =  i.5650Na     n^=  i.s6ooNa 

a,  — np  =  o.oi39Na 

Occi-Ti.    Found  in  sotithem  Greenland.    Very  rare. 

ENSTATITE,  see  pyroxene  group.  EOSPHORITE,  see  children- 
ite.     EPIDIDYMITE,  see  eudidymite. 

Epidoie  Gronp.     . 

The  epidote  group  includes  a  number  of  basic  oitho- 
silicates,  one  of  which  is  orlhorhombic,  while  the  others  aro 
monoclinic.     The  species  are: — 

Orthokhoubic 
Zoisite  CajAlj(AlOH)  (SiO^)^ 

Monoclinic 
Fouqueite  Ca„Alj(A10H)  (SiOJ, 

Epidote  Ca/Al,Fe)j(A10H)  (SiO,), 

Piedmomite  Ca^(Al,Mn)/A10H){SiO,)3 

Allanite  CCa,Fe),(Al.Ce.Fe)„(A10H)  (SiOJ, 

There  is  undoubtedly  a  continuous  series  of  isomorphous  com- 
pounds from  fouqueite,  practically  free  of  iron,  to  epidote  in  which  the 
iron  runs  as  high  as  seventeen  or  eighteen  per  cent  (Fe^O,)  correspond- 
ing to  the  ratio  Al :  Fe : :  3  :  2.  Epidotes  still  richer  in  iron  have  not  yet 
been  found.  With  this  increase  in  iron  content  the  refringence,  the  bire- 
fringence, and  the  optic  angle  atout  Z  increase,  the  latter  being  obtuse 
and  the  mineral  therefore  negative  when  the  Fe„0,  exceeds  about  six 
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ZOISITE. 


Orthorhombic  a:fc:c::o.62o:  1:0:343  Ca,Alj(A10H)(Si04)a 
PhyS-  Char.  Crystals  usually  prismatic,  deeply  stri- 
ated vertically.  Also  in  lamellar,  fibrous  or  compact  masses. 
Oeavage  perfect  parallel  to  010,  very  difficult  parallel  to  100, 
Microscopic  twinning  common,  sometimes  in  polysynthetic  bands 
like  plagioclase ;  it  is  claimed  by  some  writers  that  the  variations 
in  optical  characters  are  to  be  explained  by  this  twinning,  and 
that  the  mineral  is  probably  monoclinic.  H.  ^6.  G,  ^  3-25- 
3.36.    Fusible  with  swelling  at  about  3.     Insoluble. 

Opt.  Prop,     The  positive  acute  bisectrix  is  perpendic- 
ular to  JOO,  the  optic  plane  is  parallel  to  010,    The  angle- of  the 


<?£>/ 


T 

7*     ** 


oci 


4-IAr 


optic  axes  is  variable  even  in  a  single  crystal ;  it  increases  rapidly 
with  increase  in  temperature.  The  dispersion  is  very  strong  with 
p<v. 

(-I-)  qV  =  51"  about 
H,  =  1.702    «„  iir  1.699    "p  =  '-697 
n,  —  np  =  0.005 
Color  gray,  greenish,  brown,  green.     Streak  colorless. 
In  thin  section  colorless.    The  pink  manganiferous  variety,  thtil- 
ite,  has  strong  pleochroism  in  thin  section  as  follows : — 
Z  =  yellow  * 
Y  =  bright  pink 
X  :=  dark  pink 
Occur.    Found  in  crystalline  schists  and  as  a  secondary 
product  in  many  igneous  rocks.     In  schists  usually  associated 
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with  some  variety  of  amphibole.  In  igneous  rocks  zoisite  is  com- 
monly the  result  of  alteration  of  basic  feldspars.  Thus,  saussurite 
is  merely  a  name  given  to  a  feldspar  mass  more  or  less  completely 
altered  to  a  mixture  of  zoisite,  new  feldspars,  actinolite,  chlorite, 
etc.  Also  found  in  veins  in  altered  basic  igneous  rocks  with 
quartz. 

yS-Zoisite.  In  addition  to  the  common  zoisite  described  above, 
and  distinguisbed  asa-zoisite  there  is  another  type  (dimorphous?)  called 
^-zoisite  in  which  the  plane  of  the  optic  axes  is  parallel  to  the  base  ooi 
and  the  acute  positive  bisectrix  is  perpendicular  to  100.  Moreover  the 
dispersion  is  weak  and  variable  with  p'>V.  The  indices  of  refraction 
and  the  birefringence  are  about  the  same  as  in  common  zoisite,  but  the 
angle  of  the  optic  axes  is  considerably  smaller,  o-zoisite  and  jS-zoisite, 
as  well  as  epidote,  often  occur  together,  sometimes  intimately  intergrown. 

DiAG,  Distinguished  in  thin  section  by  elongated  sec- 
tions with  parallel  extinction,  high  relief,  very  weak  birefringence, 
and  very  strong  dispersion.  On  account  of  the  last  character 
complete  extinction  is  not  obtainable,  but  instead  one  has  the 
"ultra  blue,"  also  seen  with  chlorite.  The  elongation  is  of  vari- 
able sign  when  the  optic  plane  is  parallel  to  010  and  negative 
when  it  is  parallel  to  010.  Differs  from  epidote  in  absence  of 
color  and  much  weaker  birefringence. 

FOUQUfilTE. 

MoNocLiNic  Ca^AljCAlOH)  (SiO,), 

Phys.  Char.  Similar  to  epidote  in  form  and  physical  char- 
acters ;  similar  to  zoisite  in  composition.  It  has  a  cleavage  (parallel  to 
TOi  ?)  making  an  angle  of  at  least  108°  with  the  elongation  of  the  crystals. 
Sometimes  occurs  in  polysynthetic  twins,  with  100  as  the  composition 
plane.    G,  =  3.3.     Infusible. 

Opt.  Prop.  Tlie  plane  of  the  optic  axes  is  probably  parallel 
to  oio*.  There  is  a  continuous  variation  in  the  retringence,  birefringence, 
and  optic  angle  with  varying  Fe^Oj,  as  follows ; — 

LOCALITY"         FeiOa          k,  «„  n^     "g— ip         2V       SIGN 

Ceylon       (Fe07=4.4)  0.020      near  90°     -i- 

Inverness-shire       6.8       1.725Na  1.7196  L714      0.011    89=  31'  Tl    -|- 

Bothenkopf          4.          1.7343  1.7291  1.7138  0.0105      89°  16'       -|- 

Pragraten             2            1.7232  1.7195  1.7176    0.0056      81°  4^       + 

(ClinoKHiilr-ue  below} 

Color  gray,  greenish,  rarely  colorless.     Streak  colorless.     Col- 


in the  oiig\Tt»\  description  {Bull.  Boo.  Ft.  ilin.  XI 
-_  t  tbe  optic  plane  !■  parallel  to  the  easy  cleaTBge.  < 
base,   but  thig  Is  Inconsrstent  with  bis  description  o(  e 
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;  very  weak 


orless,  or  nearly  so,  in  thin  section;  colored 
pleochroism,  as  follows : 

Z  =  colorless 

Y  =  very   pale  yellow 

X  ^=  colorless 

Occur.    Found  in  anorthite  gneiss.     Rare. 

DiAC.  Differs  from  epidote  in  sign,  absence  of  color  and  pleo- 
chroism, and  weaker  birefringence-  Differs  from  zoisite  in  inclined  ex- 
tinction and  larger  optic  angle. 

Clinozoigite  seems  to  bt  a  synonym  of  fouquiite.  It  has  the 
same  composition  and  similar  physical  characters.  G.  =  3-35-3-37.  H-  3= 
7.  The  plane  of  the  optic  axes  is  parallel  to  010.  The  positive  acute  bi- 
sectrix makes  an  angle  of  2°  with  the  crystal  axis  c.  The  angle  of  the 
optic  axes  is  very  large.  The  dispersion  is  very  strong)  with  p  >  f. 
2K=i8''4o';  ",=  1.7232.  »„=i.7i9S.  "p  =  i-7'76;  «,  — n,  =  0.0056. 
Rare. 

EPIDOTE. 

Mono,      o:  fc:  c::  1,586:  i  :  1.815      a,(Al,Fe),(AIOH)(SiO.), 
^3^64-33' 

Phys,  CiiAH.     Crystals  nearly  al- 
ways elongated  1 1  the  axis  b ;  faces  in  this 
iiially   striated    ||    b.     .Also  fibrous, 
granular    and     massive- 
polysynthetic  !|  100. 

Cleavage  very  good  ][  001,  imperfect  ||   100. 

H-^6.-7.      G- =3.3.3.5.      Fusible    with    in- 
tumescence at  about   3.     Partly  decomposed 

by  HG. 

Opt.  Proi'.     The  jjlane  of  the  optic 

axes  is  parallel  to  010.     The  acute  negative 

bisectrix  makes  a  very  small  angle  with  the 

vertical    axis    in    the    acute    angle    ^8.     The 

values  of  the  indices  of  refraction  and  of  the 

angle   of   the   optic   axes   are   very   variable, 

sometimes   even    in   a   single   crystal.     These 

variations  are  apparently  dependent  upon  the 

percentage  of  Fe,Oj,  as  shown  in  the  table 

below.      Inclined   dispersion ;   also   dispersion 

P>o. 

Locality  Fe.,0,,        «_,  h„  \         "g  — "p        ^^         ^-8" 

Zillerthal  7.g      1.7344       1.720      0.0144      87°  46'      — 

Knappenwand  16.      1.7677      i.7540      i-7305      0.0372      73°  39'      — 

Cabre  0.016-0.054    — 

Traversella  0,061        — 


Fig.  fil 
I  ForiT 


Twinning    often 


Optical    orientation 
o(  epidote. 
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Color  green  of  various  shades,  sometimes  yellow,  gray 
Dr  nearly  colorless.  In  thin  section  usually  colorless  to  orange 
yellow,  the  pleochroism  increasing  with  the  amount  of  color. 
The  absorption  formula  is  Y  >  Z  >  X. 

Sections  0X>3  mm.  Sections  thick. 

Z  =  colorless,  yellowish  green,  pink  yellow 

Y  =  pale  blue  to  greenish  yellow  brown 

X  =  colorless,  lemon  yellow,  pale  green  green 

Occur.  Epidote  is  a  very  common  mineral,  occurring 
in  great  abundance  in  schists  and  in  contact  zones.  It  is  also 
common  as  an  alteration  product  of  ferromagnesian  minerals  and 
feldspars,  etc. 

Withamite  is  a  variety  containing  a  little  MnO  and 
characterized  by  red  color;  the  birefringence  is  about  0.05  and 
the  pleochroic  colors  are  Z  ^^  bright  rose,  Y  ^  light  rose ; 
X  =  lemon  yellow.  , 

DiAG.  The  high  refringence,  parallel  extinction  in 
longitudinal  sections,  and  inclined  extinction  in  transverse  sec- 
tions, and  the  strong  birefringence  variable  in  a  single  crystal, 
are  quite  characteristic.  The  forms  and  color  are  also  good 
diagnostics. 

PIEDMONTITE. 
MoNocuNic         a:b:c::  1.610:  i :  1.833         Caj(Al,Mn),{AIOH)  (SiO^^ 
^  =  64°  39' 

Phys.  Char.  Similar  to  epidote  in  physical  characters.  G.  = 
34-     H.=:6.S. 

On.  Prop.  The  plane  of  the  optic  axes  is  parallel  to  oro;  the 
positive  acute  bisectrix  makes  an  angle  of  32°  with  the  trace  of  001.    The 

birefringence  is  about  the  same  as  that  of 
ihe  refringence  is  also  similar. 


PIEDnONTITC 


Streak  reddish. 


n  ^  1.73 

",  —  "p  =  0.05  ± 
reddish     brown. 

The  pleochroism 
in   thin    section. 


reddish  black, 
is  characteristic 
The  absorption 


fcrmula  is  X  >  V  >  Z. 

Z  =^  bright  red 
Y  =  amethyst  violet 
X  ^=  lemon   to   orange   yellow 
Occur-     Common  in  crystalline  schists  in 
some  parts  of  Japan ;  not  uncommon  as  an  acces- 
jory   in  glaucophane  schist  and  Archean  gneiss,  etc. 
DiAG.    Very    similar    in    general    to    epi- 
dote,  front  which  it  is  distinguished  by  its  color, 
pleochroism,  positive  bisectrix,  and  by  manganese 


FlB.  87. 

Optical      orients- 

Ion    a  t    pledmoR' 
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ALLANITE  (Orthite). 


i-5Si: 


(Ca,Felj(Al,Ce,Fe)j{A10H)  (SiO^), 
1  physical  characters;  cleav- 


ALLANITC 


=  64°  59' 

Phys.  Char.    Similar  to  epidote  ti 
ages  often  indistinct^     H.  ^:  6^     G.  =  3.-4. 

Opt,  Pkop.  The  plane  of  optic  axes  is  parallel  to  010;  the 
negative  acute  bisectrix  makes  a  very  small  angle  whh  the  vertical  axis 
in  the  acute  angle  p.  The  optic 
axes  are  respectively  sensibly  per- 
pendicular to  001  and  101.  The  dis- 
persion is  very  strong  rendering  ex- 
tinction incomplete.  The  birefrin- 
gence is  quite  variable,  often  even  in 
a  single  crystal ;  this  variation  often 
seems  to  be  in  relation  with  colored 
EOnes.  In  some  cases  the  mineral 
is  wholly  or  in  large  part  isotropic 
In  such  cases  pleochroism  is  absent 
(-)  ar^es"  to  70° 
„„  =  1.68-1.70 
n,  — n^  =  o.032   (maximum) 

Color  brown  to  black  with  lil 
gray.     In   thin   section    the   pleochroisn 

Z  =  yellowish  brown 
Y  ^  dark  reddish  brown 

X  =  pale  greenish  brown 


Fig.    88.      Optical   orientation    of 


s  of  green,  gray  or  yellow.  Streak 
is  usually  very  marked  as  fol- 

reddish  brown 
reddish  brown 
yellowish  brown 

Allanlle  often  produces  intense  pleochroic  halos  in  biotite.  It 
is  not  rare  to  find  allanite  surrounded  hy  a  zone  of  epjdote  having  the 
same  orientation,  but  slightly  different  extinction. 

Occur.  Rather  common  as  an  accessary  constituent  of  tnany 
igneous  rocks,  especially  the  more  acid  varieties.  Also  in  gneiss,  crystal- 
line schists,  and  magnetite  iron  mines, 

DiAC.  The  high  refringence,  varying  color  (even  in  a  single 
crystal),  pleochroism  in  brown  tints,  great  variations  in  birefringence  and 
association   with   epidote   are   distinguishing   characteristics. 

EPISTILBITE,  see  zeolite  group. 

EPSOM  ITE. 

Orthoshombic  fl  :  6 :  c  : :  0.9902 :  i :  0.5709  MgSO^  +  ?H,0 

Phys.  Char.  Crystals  prismatic  in  habit,  often  hemihedral. 
Also  in  fibrous  crusts  and  fibrous  botryoidal  masses.  Oeavages  perfect 
II  010,  imperfect  |1  on,  in  traces  ||  no.  H.=2-2.5-  G.  =  I.7S-  Liqui- 
fies in  its  water  of  crystallization.    Has  very  bitter  taste. 

Opt.  Prop.    The  plane  of  the  optic  axes  is  parallel  to  ooj ;  the 
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EPSOMITE 


— 

—^ 

z  r^^; 

— 

''"'-D^ 

=^± 

^^^ 

— 

1 _^ 

negative  acute  bisectrix  is  normal  to  010.    The  refringence  is  very  low, 
the  birefringence    rather    strong.      The   angle   of 
the  optic  axes  is  rather  large;  dispersion  weak 
?>v. 

(— )  2F  =  5i'  25'  (2E  =  78=  18') 

Hj=  1.4608      «„=  1.4554      11^=14325 
«j  —  »p  =  0.028 

Color  white.     Colorless  in  section. 

Occur.  Found  in  capillary  coatings  on 
the  walls  and  floors  of  caves  and  mine  galleries ; 
ilso  in  the  gypsum  quarries  of  Paris;  in  anthra- 
cite; in  thin  layers  with  carnallite  at  Strassfurt, 
etc 

Ooslarite    (ZnSO,  +  ?HjO)  is  related 
to  epsomile  both  in  composition  and  form  being 
orthorhombic  and  having  o:  6:  c::o.98i :  I  :o.s63. 
It  is  commonly  in  acicular  to  fibrous  crystals,  in 
tufts,    stalactitic,    or    massive.      Cleavage    perfect 
II  Ola     H.  =  2.-2.5.      G.  =  1-9-2.1.      Soluble    in 
HjO;  taste  astringent.     Optic  orientation  as  in 
epsomite,  but  the  optic  angle  about  X  is  larger, 
j£  =  70°  23'  Li  (2f  =  46°  14'  Na)  and  the  dispersioi 
The    refringnce    is    very    low ;    n^  =  1.4836,    tt^  = 
\— «p  =  o.027.     Color  white  or  stained.     Found  i 
precipitated   from  solution  in  stalactitic  forms,  etc. 

Horenosite  (NiSO, +  7HjO)  is  isomorphous  with  epsomite, 
having  a:  6:  c::o.982;  i  :o.566.  Commonly  acicular  to  fibrous.  Cleavage 
perfect  ||  010.  H.  =  2.-2.5.  G.  =  2.  Soluble  in  H^O;  taste  astringent. 
Optic  orientation  as  in  epsomite.  2£  =  64''22'Na  (21^^41'' 56')  ;  dis- 
persion distinct  p>ti.  Reffingence  low,  n.:^  1.4921,  «„,=  1.4888.  n^  = 
14669;  tij  — tip  =  0,025.  Optic  sign  — .  Color  apple-green  to  greenish 
while.    Occurs  as  an  efflorescence  on  nickel  sulphide  ores. 

ERYTHRITE,  see  vivianite, 

EUCHROITE. 

OwHOBHOMBic  a\b:c:: 0.609 : 1 : 1.038  Cuj{OH) AsO^  +  sH^O 

Phys.  Chab.  Crystals  pri*natic,  vertically  striated.  Cleavage 
in  traces  ||  no  and  oii,  H.  =  3.5-4.  G.  =  3.39.  Easily  fusible  with  blu- 
ish green  flame  color.     Soluble  in  HNO,. 

Opt.  Prop,  The  optic  plane  is  parallel  to  loo;  the  acute  bisec- 
trix Z  is  normal  lo  001.  Refrii^ence  high,  n=^  1.70.  2£  =  6i''  11'.  Col- 
or bright  emerald  green,  leek  green-    Luster  vitreous. 

OccUB.    Foutid  in  slate;  resembles  dioptase,    Very  rare. 

EUCLASE, 

Kioop- 


1  is  very  weak  p<.v. 
:i.48oi,  Up  =1.4568; 
in  passages  of  mines 


i  datolite  group.     EUCRYPTITE,  see   nephelite 


^dbyGoOgk' 


i88  OPTICAL  MINERALOGY. 

EUDIALYTE  (EucoUte). 

Hexagonal  e^2.U2  Na„(Ca,Fe),aCSi.Zr),oO„ 

Phys.  Char.  Crystals  of  varied  habits.  Cleavage  distinrt  |1 
oooi,  indistinct  ||  ii3o,  H.  =  5--6.  G,  =  2.9-3.i.  Fusible  at  2.5,  Gelat- 
inizes with  HC1. 

Opt.  Prop.  Uniaxial  and  positive  (eudialyte)  or  negative 
(eueolite).    Pale  pink  in  ihin  section  without  perceptible  pleochroism- 

Eudialyte  Eueolite. 

tt^=  i.6ioNa  to  1.613  i.6aoS  to  1.622 

«p— i.6o8       to  1.604  1.6178  CO  1.618 

n^—  «j,  =  o.ooa        to  0.009  0.0027  to  0.004 

Ramsay  considers  that  eudialyte  and  eueolite  form  an  isomor- 
phous  scries  between  the  end  members  (with  maximum  positive  and  max- 
imum negative  birefringence)  of  which  there  are  mixtures,  some  posi- 
tive, some  negative  and  some  isotropic,  at  least  for  certain  colors. 

Occur.  Associated  with  sodalite,  nepheline,  acmite  and  other 
soda  minerals  in  Greenland,  I^orway  and  Arkansas.     Rare. 

DiAG.  Uniaxial  character,  rather  high  relief,  weak  birefrin- 
gence and  association  with  soda  minerals  are  distinguishing  characters. 

EUDIDYMITE. 

MoNOCLiNic  a:b:c::  1. 7107:  1 : 1. 107  HNaBeSi^Oj 

^  =  86M4V/ 

Phvs-  CatJL  Crystals  tabular  |]  001,  always  twinned  on  OOi 
in  thin  lamellge;  also  interpenetrated;  nl.so  contact  twins  with  reentrarit 
angles  near  120°.  Qeavage  perfect  ||  001,  imperfect  ||  "Ssi.  H.  ^=6.  G.  = 
2.55.     Fnsible  easily.     Incompletely  soluble  in  acids. 

Opt.   Prop.     The  plane  of  the  optic  axes  is  parallel  to  010;  the 

positive  acute  bisectrix  makes  an  angle  with  c  of  58°  in  the  acute  angle  p- 

The  refringence  is  low  and  the  birefringence  weak.     The  angle  of  the 

optic  axes  is  small ;   dispersion  distinct,  ^  >  v. 

{-!-)   2V  =  29°   19' 

n,  =  i.5So8sNa    n„^i.54568Na    »p^i.S4533Na 

fi,  —  «p  =  0.0055 

Color  white.    Colorless  in  section. 

Occur.  Found  in  cavi|jes  in  zircon  syenjte  associated  with 
natrolite,  apophyllite,  nepheline,  etc.     Very   rare. 

Epididymite  has  the  same  composition  as  eudidymite,  but  is 
orlhorhombic  with  o:  b:  c::o.S76:  1  :o.S34.  Crystals  often  tabular  ]|  OOi, 
either  hexagonal  in  outline  or  elongated  1 1  a.  Twinfling  on  001  with 
revolution  of  60'.  Cleavage  perfect  ||  ooi  and  Oio.  H.:=S.S.  G.  =;  3.55. 
Fusible  easily ;  insoluble.  The  optic  axial  plane  is  parallel  to  001 ;  the 
acute  negative  bisectrix  is  normal  to  010.  Dispersion  p  1!)^  f.  3V  = 
22°  38*  Na;  ng  =  I,5464  Na,  ti„  =  i.544i,  «p  — 1,5440;  n^  —  tij,  =  0.0064 
Na.    Colorless.    Very  rare. 

FAYALITE,  see  olivine  group. 
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Feldspar  Group. 


The  feldspars  constitute  a  group  with  mftny  common 
characters.  They  are  silicates  of  aluminum  with  potassium, 
sodium,  or  calcium  (rarely  barium).  Their  crystal  forms  are 
similar  although  some  are  mcnoclinic  and  others  triclinic.  They 
all  possess  two  good  cleavages  making  an  angle  of  90°  in  the 
monoclinic  feldspars  and  90°+  to  94°  xo'  in  tSie  triclinic  feld- 
spars. These  cleavages  are  parallel  to  the  base  001  and  to  the 
pinacoid  010 ;  the  basal  cleavage  is  distinct  and  easily  obtained, 
Che  pinacoidal  cleavage  slightly  less  distinct.  Cleavage  parallel 
to  some  other  faces  is  found  in  some  feldspars,  but  only  in  traces. 
The  specific  gravity  of  the  feldspars  ranges  from  2.5  to  2.9  and 
the  hardness  from  6.  to  6.5.  They  are  naturally  glassy  and  color- 
less, but  are  often  clouded  and  stained  by  impurities  of  various 
kinds. 

Crystal  form.  The  similarity  of  crystal  form  of  all 
the  feldspars,  both  monoclinic  and  triclinic  is  shown  in  the  fol- 
lowing table ;  here,  and  in  other  tables  which  follow,  the  comijo- 
sition  is  often  expressed  in  terms  of  the  celsian  molecule  (BaAl,- 
Si,0,  =  Cii),  the  orthoclase  molecule  (KAlSijOg  —  Or),  the 
Jlbite  molecule  (NaAlSijOg  =  .^b),  and  the  anorthite  molecule 
(CaAl,Si.O,  =  An). 

Crystallography  of  the  feldspars. 


N-ume 

a:t:e 

90° 

" 

y 

OOIAOIO 

&imp. 

Cdstan 

0.657:1:0.554 

115°    2' 

"w^ 

90° 

Cn 

Hjalophane 

8.6584:1:0.5512 

90" 

115°  35' 

90" 

90° 

(Or,Cn) 

Orthotlaie 

0-6586:1:0.5559 

90" 

116°    3' 

90" 

90° 

Or 

Hicrocline 

0.6495:1:0,5546 

90"    7' 

115°  50' 

89°  55' 

89°  53' 

Or 

Anorthodase 

0.6466:1:0.5522 

90°  30' 

116°  18' 

90°^ 

90^^ 

(Ab,Or) 

Albite 

0.6331:1:0.5572 

94°    3' 

116°  27' 

88°  9' 

93°  36' 

Ab 

Oligodwe 

0,6321:1:0.5524 

93°     4' 

116°  22' 

90°   4' 

93°  28' 

CAb)Anj> 

Andedne 

0.6356:1:0,5521 

93°  23' 

116°  29' 

89°  59- 

93"  46' 

CAbaAni) 

Labradorite' 

0,637*1:0,5517 

93-  31' 

116°     3' 

89°  54' 

93°  52' 

(AbiAm) 

Anorthite 

0,6342:1:0  5501 

93-  13' 

115"  57' 

9f  13' 

94"  10' 

An 

Feldspar  crystals  are  often  short  prismatic  in  habit, 
somewhat  flattened  parallel  to  010,  as  in  figures  ~o,  71,  and  71a; 
'hey  are  also  frequently  elongated  in  the  plane  of  symmetry,  that 
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FIk.  VI. 
simple  cryBtal  toraia  of  feldspars. 


Pig.    72.  FUr.  TI. 

Simple  crystal  forms  of  teldspars. 

is  parallel  to  the  face  oio,  in  the  direction  of  the  horizontal  axis, 
(a),  the  crystals  then  taking  the  forms  of  quadratic  prisms,  the 
real  prism  faces  no  and  ilo  being  reduced  to  comparatively 
insignificant  dimensions,  as  in  hgures  72  and  73.  Feldspar  micro- 
lites  are  usually  in  thin  lamellfE  parallel  to  010,  as  in  figures  74 
and  75. 


Fig.   75. 
Crystal  forms  of  mlcrolitlc  feldspars. 
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Anorthoclase  is  often  elongated  parallel  to  the  vertical 
axis. 

The  plagioclase  feldspars  are  distinctly  triclinic,  yet  the 
angle  a  varies  very  little  from  90°,  and  their  forms  are  therefore 
quite  near  those  of  the  monoclinic  species.  The  plagioclase  feld- 
spars are  sometimes  elongated  parallel  to  the  axis  b ;  thiselonga- 
tion  produces  the  pericline  variety  of  albite,  and'  when  twinned 
lives  rise  to  the  pericline  striations  which  may  appear  in  any 
plagioclase  on  100  and  010. 

Twinning.  The  feldspars  are  all  subject  to  twinning. 
Orthoclase  is  especially  frequent  in  the  form  of  Carlsbad  twins, 
but  also  shows  the  Manebach  (Four-la-Brouque)  and  Baveno 
types. 

.  In  the  Carlsbad  form  the  twins  are  united  by  some 
plane,  usually  010,  parallel  to  the  vertical  axis.  One  is  turned 
180°  'from  the  position  of  the  other  about  the  common  vertical 
axis.    The  Carlsbad  twins  may  be  united  in  a  single  plane  as  in 


i^^m 


Pig.  7S. 
contact 


Fig.  T7. 
CoTlibad  partial 
penetrs,t!on    twin. 


figure  76,  or  partially  interpenetrate  as  in  figure  yy.  In  a  thin 
section  of  a  Carlsbad  twin  the  pinacoidal  cleavage  010  in  one 
twin  is  parallel  with  that  in  the  other,  and  unless  the  section  be 
cut  in  a  zone  whose  axis  is  either  parallel  or  perpendicular  to 
the  face  oin.  the  basal  cleavages  form  oblique  angles  with  one 
another.  If  a  section  be  in  a  zone  whose  axis  is  either  parallel 
or  perpendicular  to  the  face  010  the  cleavages  will  stand  at  right 
angles.  Carlsbad  twins  are  almost  invariably  composed  of  only 
two  individuals.  This  is  a  fact  of  considerable  importance  in 
dbtinguishing  macroscopically,  and  also  in  a  cursory  way  micro- 
fcopically,  between  orthoclase  and  plf^oclase.  Twinning  of  the 
polysynthetic  type  is  almost  always  present  in  the  latter. 
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The  Manebach  type  (figure  78),  has  the  basal  plane  as 
composition  face,  and  the  axis  about  which  the  crystal  turns  is 
the  vertical  crystallographic  axis.  The 
cleavages  ooij  of  one  twin,  are  paral-  ^       ^^]  \ 

lei  to  those  of  cor  of  the  other.    The  /i»7 iS/ 

same  is  true  of  the  cleavages  010.  ^--sZ ffl 

In     Biveno     twinning     the  \A^      °f°     ^*^\ 

twinning  axis  is  perpendicular  to  021  ^^    „     Ma«ebach 

which  is  the  composition  face,     Crys-  t"*"- 

tals  twinned  according  to  this  law  are  always  elongated  parallel 
to  the  axis  a  and  often  flattened  parallel  to  001.  Twins  of  this 
kind  form  nearly  square  prisms  as  seen  in  figure  79  since  ooiA 
021  is  nearly  45°,  being  44°  56'  in  orthoclase  and  46*  46'  in  albtte. 
Sections  cutting  such  a  twinned  crystal  present  square  or  rhom- 
bic outlines,  the  cleavages  being  parallel  to  the  sides.  The  line 
separating  the  twins  runs  diagonally  from  conier  to  corner,  as 
seen  in  figures  80  and  81.   • 


Tig-   W.  Fig.  80.  FlK.  81. 

Baveno  twin.  Baveno  twins  In  tbln  sectlona:  perpendicular  section 

and  ob11qu«  section. 

The  twinning  of  anorthoclase  and  microcline  is  charac- 
teristic.  They  combine  the  albite  and  pericline  type's,  producing 
a  rectangular  quadrillage  on  all  sections  of  the  zone  001 :  100, 
except  on  that  which  is  parallel  to  the  plane  of  association  for 
the  pericline  law,  and  on  all  sections  in  the  zone  001 :  010  except 
on  that  parallel  to  the  composition  face  of  the  albite  law.  Tn 
other  words,  the  section  parallel  to  010  is  identified  by  the  dis- 
appearance of  the  albite  twinning  and  that  parallel  to  the  com- 
position face  of  the  pericline  twinning  by  the  disappearance  of 
the  pericline  marks.  The  position  of  the  composition  face  of  the 
pericline  twinning  in  anorthoclase  coincides  with  its  position  in 

e  in  some  cases ;  in  other  cases  it  seems  to  make  an  angle 
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of  —  78°  to  —  75°  with  001  in  010.  In  both  cases  it  is  practically 
perpendicular  to  the  face  010,  In  microcline  this  plane,  while 
nearly  perpendicular  to  001,  and  practically  perpendicular  to 
010,  has  a  trace  on  010  which  forms  an  angle  of  —  80°  or  +  100° 
with  the  edge  001  :oio  (figure  87).  Its  position  is  between  the 
faces  JOO  and  201,  The  cross-hatching  of  microcline  is  repre- 
sented by  figure  82.    That  of  anorthoclase  is  less  distinct,  being 


Fig.  8S.      QnadrlUage  of  microcline.      Sra  also  flgure  104. 

extremely  fine  and  badly  defined.     But  anorthoclase  with  only 
one  type  of  twinning  present  is  not  rare. 

With  the  plagioclases,  properly  so  called,  the  albite  and 
pericline  types  of  twinning  play  an  important  role.  In  albite 
twinning  the  composition  face  and  the  twinning  plane  are  both 
oio.     Simple  albite  twins  are  represented  in  figures  83,  84  and 


FlK,  8!.  Fig.  81.  Fig.  S5. 

Simple  aJblte  twins. 
85.  This  is  the  twinning  characteristic  of  the  plagioclase  feld- 
spars in  which  it  is  rarely  lacking.  It  is  nearly  always  polysyn- 
thetic,  producing  stnation<i  on  the  cleavage  face  oor  parallel  to 
the  face  ore.  This  twinning  becomes  a  case  of  parallel  growth 
and  is  therefore  optically  invisible  in  orthoclase,  since  the  latter  is 
monoclinic  and  the  twinning  axis  is  consequently  an  axis  of  bi- 
nary symmetry. 

In  pericline  twinning  the  twinning  axis  is  the  axis  b. 
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Simple  perlclln; 


while  the  compositjion  face  is  the  so-called  rhombic  section,  which 
is  a  section  made  by  a  plane  passing 
through  the  crystal  in  such  a  direc- 
tion that  its  intersections  with  tJic 
prism  faces  no  and  iio  and  the 
brachypinacoid  oio  make  equal  plane 
angles  with  each  other,  (see  figure 
86).  The  position  of  this  rhombic 
section  and  the  consequent  direction 
of  the  twinning  bands  on  oio  change 
rapidly  with  small  changes  in  the  crystallographic  axial  angles. 
The  periclinc  twinning  bands,  when  visible  in  a  section  parallel 
to  OIO,  make  different  angles  with  the  basal  cleavages  which  are 
"visible  in  the  same  section,  according  to  the  feldspar  examined. 
.This  angle  varies  from  o°  for  andesine  to  — 18°  for  anorthite,  in 
one  direction,  and  in  the  other  direction  it  varies  to  +  '3°  *n^' 
+  21°  for  albite.  It  may  be  represented  for  all  the  triclinic  feld- 
spars by  the  diagram  below   (figure  87),  which  shows  the  face 


■«•  Bjrtottmltm 


*»•  OUfioc/aam-ti/bitm 


010  of  a  simple  crystal.  In  microcline,  and  apparently  in  aiio'- 
thoclase.  this  type  of  twinning  exists  with  a  composition  face 
which  is  not  a  "rhombic  section."     Except  rarely  in  the  species 
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albite,  pericline  twinning  is  poly  synthetic,  and  always  invisible 
without  the  microscope. 

The  Ala  twinning  is  simple,  and  resembles  the  Carlsbad. 
Its  composition  face  is  ooi,  and  the  twinning  axis  is  the  axis  a. 
Ill  oligoclase  and  andesine  this  type  of  twinning  retains  the  axis 
Z  in  coincidence  with  its  primitive  direction. 

The  plagioclases  are  subject  to  twinning  on  the  Carls- 
bad, Manebach,  and  Baveno  plans,  and  albite  also  on  the  Roc 
Tourne  plan.  This  last  consists  of  two  albite 
twins,  again  twinned  as  couples  by  the  union  of 
the  reentrant  angle  formed  by  the  faces  loi,  loi, 
of  one  upon  the  salient  angle  of  the  other  formed 
b>'  the  same  faces.  The  double  crystal  thus 
formed  is  approximately  a  parallelogram,  flat- 
tened parallel  to  oio,  one  of  the  twinned  pairs 
being  thinner  than  the  other  as  shown  by  figure 
88, 

In   thin  section  the   twinning  lines   of 
albite  are  fine  and  far  apart,  often  irregular  and 
interrupted:   those  of  oligoclase  are  very  clear     Roc^u^nl' twin 
and  of  very  regular  widths,  one  of  the  systems  "'  albite. 

being  much  more  fine  than  the  other. — so  fine  indeed  that  some- 
times it  is  impossible  to  perceive  the  width.  In  labradorite  the 
lamells  are  equally  clear  and  definite,  but  the  width  varies  much 
from  one  lamella  to  the  other,  and  in  the  same  lamella  ("rarely) 
from  one  point  to  another.  In  anorthite  the  albite  lanieJix  are 
broad  and  regular,  while  those  of  pericline  are  very  frequently 
distributed  only  in  certain  ones 
of  the  albite  bands,  which  they 
cross  at  varying  angles  accord- 
ing to  the  direction  of  the  plate. 
Figure  89  represents  a 
triclinic  feldspar  crystal  with  the 
albite  and  pericline  striations, 
much  amplified  to  show  their 
positions  and  direction  for  the 
species  albite.  The  front  face, 
100,  is  represented,  but  it  is  very 
rarely  seen  in  nature.  The  pri-im 
planes,   no,  no.  obliterate  it. 

As    a    brief    summary 
statement     of    twinning     in    the 
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Fis.  90. 

Sign  of  ezUnc 

angles  In  teldapBia. 


feldspars  it  may  be  said  that  orthoclase  often  occurs  in  simple 
twins,  but  never  in  polysynthetic  twins ;  microcline  is  always  poly- 
synthetically  twinned  in  two  directions  giving  a  fine  cross  hatch- 
ing between  crossed  nicols ;  plagioclase  is  nearly  always  polysyn- 
thetically  twinned  on  the  albite  law. 

Optical  Properties.  In  the  study  of  the  feldspars  it 
is  frequently  necessary  to  indicate  the  position  of  a  right  line 
situated  in  the  plane  ooi  or  in  oio.  In  order 
that  such  designation  may  be  free  from  am- 
biguity it  has  been  suggested  by  Schuster  that 
the  direction  of  such  line  shall  be  uniformly 
referred  to  the  edge  ooi :  oio  with  the  crystal 
in  the  conventional  position,  whether  in  the 
plane  ooi  or  in  oio.  The  angle  in  the  brachy- 
pinacoid  which  the  line  makes  with  this  edge 
is  called  positive  if  the  direction  of  the  line  is 
included  in  the  obtuse  angle  formed  by  the 
edges  OOI: OIO,  010:100,  and  negative  if  its 
direction  lie  in  the  acute  angle  of  these  same 
edges.  The  same  rule  is  applied  for  a  line 
lying  in  the  base  001,  Figure  90  represents  a  simple  plagioclase 
crystal  with  lines  drawn  in  the  faces  ooi  and  oio  with  their 
directions  expressed  according  to  Schuster. 

The  principal  optic  element  is  the  optic  plane  (p.  71). 
In  it  lie  the  optic  axes  and  the  bisectrices.  Its  position  in  the 
crystal  has  definite  relations  to  the  cleavages,  the  external  faces, 
and  the  crystallographic  axes  in  the  different  feldspars,  and  its 
angle  with  the  albite  twinning,  in  the  plagioclases,  is  the  key 
which  furnishes  one  of  the  principal  diagnostics.  Its  position  is 
best  expressed,  summarily,  by  projections  on  the  plane  perpendic- 
ular to  the  edge  001 :  010.  Figure  pi  shows  the  comparative 
positions  of  the  optic  plane  in  orthoclase,  anorthoclase  and  micro- 
cline, as  given  by  Michel  Levy  and  Lacroix*.  It  appears  that  in 
these  potash  feldspars  the  axial  plane  is  nearly  parallel  to  the 
base  OOI,  and  consequently  agrees  substantially  with  the  direction 
of  the  easy  cleavage.  It  appears  also  that  the  least  axis  of  ether 
vibration  (Z)  is  nearly  or  quite  perpendicular  to  the  face  010, 
The  greatest  axis  of  ether  vibration  fX)  lies  in  the  plane  OIO 
and  nearly  parallel  to  the  base,  varying  in  microcline  5°  into  the 

*  Mlniraux  del  liochei,  p.  ]P2. 
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Fie.  91.    SCereosraphlc  projection  ol  tha  axee  X.  T,  Z  In  orthoclaBe,  mlcro- 

cllne,  anorthoclBM  on  a  plane  normal  to  tl>e  axis  a. 
acute  anffle,  and  the  mean  axis  of  ether  vibration  (Y)   is  per- 
pendicular to  poi  except  in  microcline  in  which  it  varies  from 
3°  to  5'  from  perpendicularity. 

In  a  few  sanidines  (a  glassy  form  of  orthoclase),  the  axial  plane 
is  perpendicular  to  the  easy  cleavage,  in  which  case  the  axes  Z  and  Y 
mutually  change  places.  Such  orthoclase  is  distinguished  by  Michel  L^vy 
as  oTthofe  diformi  or  abnormal  orthoclase. 

In  the  soda-lime  feldspars  the  position  of  the  optic  plane 
is  more  varied.    It  is  represented  in  figure  92  as  projected  on  a 

plane  perpendicular  to  the  edge  001:010,  the  bisectrix  X  being 
perpendicular  or  at  least  less  inclined  to  the  surface  of  projection 
than  Y,  and  Z  lying  approximately  in  the  paper.  From  this  it 
appears  that  from  albite  to  anorthite  there  is  a  gradual  rotation 
of  the  optic  plane  in  a  direction  opposite  to  the  movement  of  the 
hands  of  a  watch  about  a  line  parallel  (or  nearly  parallel)  to  X, 
and  that  the  whole  movement  amounts  to  somewhat  less  than 
one-fourth  of  an  entire  revolution. 

It  is  represented  in  figure  93  as  projected  on  the  face 
010,    From  this  it  appears  that  the  projection  of  the  optic  plane 
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rotates  in  a  similar  manner,  from  this  point  of  view  about  a  line 
nearly  parallel  to  Z. 

The  least  axis  of  ether  vibration  Z  of  all  the  plagioclases 
is  situated  nearly  in  the  plane  perpendicular  to  the  edge  ooi :  oio. 
while  the  greatest  axis  of  ether  vibration  X  is  nearly  parallel  to 
that  edge,  and  in  the  brachypinacoid  oio. 

Refringence  and  Bircfruigeiicr.  The  feldspars  all  pos- 
sess low  refringence  and  weak  birefringence,  both  being  about 
the  same  as  for  quartz.  By  these  characters,  therefore,  it  is 
sometimes  difficult  to  distinguish  them,  when  pure,  from  quartz. 
When  other  diagnostics  are  not  available  resort  may  be  had  to 
the  Becke  method  of  distinction*  of  comparative  refringence. 
This  consists  in  the  following  very  delicate  process: 

In  convergent  light,  with  a  high  power  (Nachet  No.  7') 
objective,  bring  the  focus  directly  upon  the  line  of  separation 
between  two  minerals.     On  lowering  the  condenser  and  remov- 
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1  the  plane  010. 

ing  the  analyzing  nicol  the  field  is  a  little  darkened,  but  a  very 
fine  line  of  white  light  clearer  and  brighter  than  the  grain  on 
either  side,  accompanies  sharply  the  line  marking  the  contact 
of  the  two  grains.  When  the  objective  is  focused  so  that  the 
line  is  bright,  if  the  objective  is  raised  very  gently,  and  the  least 
amount  possible,  this  bright  line  moves  a  little  toward  the  more 
refractive  mineral,  before  if  disappears.  If  the  objective  be  low- 
ered in  the  same  way  the  white  border  line  shifts  a  little  toward 
the  less  refractive  mineral.  This  is  explained  in  full  on  page  lo. 
This  method  is  useful  for  distinguishing  between  orthoclase  and 
(juartz  and  between  the  fresh  secondary  plagioclascs  of  the  crys- 
talline schists  and  quartz.  By  its  means,  also,  the  acid  plagio- 
ciases  may  be  distinguished  from  the  basic  plagioclascs.  It  is 
to  be  employed  with  one  condition,  viz.:  when  two  adjacent  min- 
erals of  nearly  the  same  refractive  index  happen  to  be  cut,  one 
perpendicular  to  X  and  the  other  to  Z  the  movement  of  the  line 
might  be  governed  by  the  difTerence  between  Mp  and  n,  of  the 
two  minerals,  rather  than  by  the  difference  of  their  mean  refrac- 
tive indices.  Therefore,  for  careful  work  it  is  advisable  to  use 
grains  of  definite  known  orientation,  and  thus  secure  a  compar- 
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ison,  not  of  mean  indices,  but  of  selected  indices  of  the  given 
minerals.  The  exact  relations  between  the  various  indices  of 
the  feldspars  and  those  of  quartz,  and  nepheline,  and  Canada 
balsam  are  most  conveniently  expressed  graphically,  as  in  the 
diagram  (figure  94).  The  index  of  Canada  balsam  varies  with 
the  concentration  of  the  balsam  by  evaporation  of  water,  but  the 
value  is  usually  about  1.545,  3nd  varies  within  the  approximate 
limits  shown  in  the  diagram. 

The  refringence  and  birefringence  of  the  feldspars  may 
be  tabulated  as  follows,  all  measures  being  in  sodium  light 
(except  abnormal  orthoclase,  lithium  light) : — 


Refringence  and  birefringenc 

t  of  the  feldspars. 

'fcT 

Refringence 

Birefringence 

section    lection 

jecHon 

Name 

- 

"m 

"p 

IX         IZ 

llOptPl. 

Hg— Halm— Ms 

"g-tp 

C«led<ui 

Cn 

1.5941 

1.5886 

1.5835 

0.0055 

0.0051 

0.0106 

HrAvhane 

(Or,  Cn) 

1.5469 

1.54S1 

1.5419 

0.0018 

0.0032 

0.0050 

Or, 

1.5260 

1.5237 

1.5180 

0.0023 

0.0047 

0.0070 

AbDonnal  orthoclue 

Oi 

1.5240 

1.5239 

1.5170 

0.0001 

0.0069 

0.0070 

Soda  orthoclMe 

(OrAb) 

1.5282 

>0.0070 

ffidocline 

Or 

1.5296 

1.5264 

1.5224 

0.0032 

0.0040 

0.0072 

ADOrthoclue 

{Ah.Or) 

1.5305 

1.5294 

1.5234 

0.0011 

0.0060 

0.0071 

Albite 

Ab 

1.5400 

1.5340 

1.5310 

0.0060 

0.0030 

0.0090 

OligDcUsMdbite 

AboAn, 

1.5433 

1.5385 

1.5346 

0.0048 

0.0039 

0.0087 

Oligoclwe 

AbiAni 

1.5469 

1.543111,5389 

0.0038 

0.0042 

0.0080 

AbsAn, 

1.5490 

1.54581.5417 

0.0032 

0.0041 

0.9073 

Aadesiue 

Ab,An, 

1.5560 

1.553o'l.5490 

0.0030 

0.0040 

0.0070 

Libradorite 

AbiAu, 

1.5625 

1.5578 

1.5548 

0.0047 

0.0030 

0.0077 

Ba£c  labndorite 

AbsAni 

1.5689 

1.5639 

1.5611 

0.0060 

0.0028 

0.007? 

Brtownite 

AbiAnj 

Anorthite 

An 

1.5S84 

1.5837 

1.5757 

0.0047 

0.0080 

0.0127 

The  angle  of  the  optic  axe%  the  dispersion,  and  the 
optic  sign  in  the  various  species  may  be  tabulated  as  follows : — 
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The  optic  angle,  sign,  and  dispersion  of  the  fe 


Name 

^t 

":Ki?r 

Sign 

2V 

2E 

2H 

Ol^n 

Cn 

i-<vl 

- 

87= 

96" 

Nonual  orthoclaw 

Abnonnal 

orthoclase 

Soda  orthoclase 

(Or,Cr) 

Or 

Or 

COr^b) 

- 

7y± 

0°-70° 

Dsually  69°± 

small 

70"+ 

usually 

119"-125= 

83°± 

Hicrodine 
Mictocline- 
anortbociate 

Anorthoclase 

Or 
-  COr,Ab 
(Ab.Or) 

- 

60=  ± 
32»-54'' 

68"-88'' 

88°± 

45"- 

54" 

Albite 

Ab 

P<7' 

77° 

ISO" 

82> 

Oligoclase-albite 

Ab«An, 

P'W 

88"  30' 

Oligoclase 

Ab^m 

P<V 

„ 

88" 

94° 

Oligockse-andesiDe 

AbjAn, 

p'iv 

- 

86= 

Andesine 

AbsAm 

fCv 

+ 

88" 

94" 

Labradorite 

AbiAm 

p-_:v 

_ 

77" 

87" 

Bouc  labradorite 

AbiAm 

P>^ 

-f 

79" 

Bytownite 

AbiAit. 

P>v 

=. 

90"± 

Anorthite 

An 

P>v 

- 

77°  30' 

85" 

Inclusions.  The  feldspars  may  contain  inclusions, 
either  gaseous,  liquid,  or  solid,  which  are  occasionally  r^^larly 
placed ;  but  in  general  these  are  not  at  all  characteristic.  How- 
ever,, inclusions  are  sometimes  found  which  are  more  or  less 
characteristic  of  certain  varieties ;  they  will  be  mentioned  In  the 
descriptions  of  the  various  species. 

Alterations.  Feldspars  alter  in  many  different  way* 
which  may  be  classed  as  follows,  although  the  natural  conditions 
leading  to  alterations  are  too  complex  to  permit  any  simple  classi- 
fication, and  the  following  tabulation  is  intended  only  as  a  general 
statement  of  the  larger  truths. 

!■    Alterations  of  the  zone  of  katamorphism. 
1.    Qiiefly  in  the  belt  of  weathering. 

r.     Change  to  kaolinite,  pyrophyllite,  halloysite,  etc-      , 
2.    Change  to  hydrargillite,  quartz,  and  calcite. 
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2.    Chiefly  in  the  belt  of  cemenUlion. 
t.    Change  to  zeolites. 
3,    Change  to  prehnite. 

3.  Change  to  glauconile. 

4.  Changes  of  the  belt  of  weathering,  here  subordinate. 

II.  Alterations  of  the  zone  of  anamorphism. 

1.  Change   to    damourite    (or   paragon ite)    sometimes    with 

hydra  rgi  11  ite. 

2.  Change  to  chlorite,  or  bjolite. 

3.  Change  to  quartz,  calcite,  and  epidote. 

4.  Change  to  albile,  zoisite.  muscovite,  and  quartz   (saussur- 

ite). 

5.  Change  to  scapoliie. 

III.  Alterations  due  to  acid  fiiniaroles. 

1.  Change  to  tourmaline,  etc. 

2.  Change  to'alunite, 

IV.  AUeratlons  due  to  alkaline  fumarolcs. 

V.  .Aherations  due  to  heat  alone. 

VI.  .Alterations  due  to  hot  solutions. 

The  formation  of  kaolitiite  is  more  frequetitly  fotind  in 
the  acid  than  in  the  basic  feldspars.  The  kaolinite  formed  is 
usually  in  very  small  flakes  which  give  a  feldspar  a  cloudy,  nearly 
opaque  appearance.  This  is  the  ordinary  method  of  origin  of 
common  clay,  although  its  concentration  in  clay  beds  is  some- 
times accomplished  by  water  transportation.  Pyrophyllite  is 
sometimes  formed  instead  of  kaolinite  by  this  method  of  decom- 
position. \Mien  the  process  of  hydration  goes  still  further  it 
may  result  in  the  formation  of  halloysite,  montniorillonite,  or 
other  hydrous  aluminum  silicates. 

Hydrargillite  may  be  distinguished  from  the  preceding 
alteration  products  bv  the  distinctly  oblique  extinction  in  sec- 
tions perpendicular  to  the  cleavage,  and  by  common  polysyn- 
thetic  twinning.  It  is  found  especially  in  basic  igneous  rocks, 
particularly  affecting  the  microlites  of  basalts.  It  is  commonly 
accompanied  by  such  other  alteration  products  as  quartz  and 
calcite. 

Zeolites  may  residt  from  the  alteration  of  feldspars 
especially  in  basic  rocks.  The  alteration  sometimes  involves 
solution,  more  or  less  transportation,  and  deposition  in  amygda- 
loidal  cavities.  In  some  cases  the  change  is  indirect :  dipyre  may 
form  from  the  feldspar,  and  then  give  place  to  some  zeolite ;  or. 
again,  the  zeolitization  may  begin  in  nepheline,  or  a  related  min- 
eral, and  gradually  encroach  on  the  feldspar. 
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The  alteration  to  prehnite  resembles  the  change  to  zeo- 
lites, with  which  the  former  is  often  associated.  Calcite  and 
quartz  may  also  be  formed  under  nearly  the  same  conditions. 

The  alteration  to  glauconite  is  found  in  limestones,  in 
which  the  clastic  grains  of  orthoclase  are  sometimes  impregnated 
with  lamellae  of  glauconite  which  gradually  transform  the  whole 
grain  to  an  aggregate  of  very  fine,  green  laminae.  This  altera- 
tion occurs  today  at  the  bottom  of  the  sea  under  conditions  which 
are  not  abnormal ;  glauconite  *  of  the  Tertiary  limestones  is  prob- 
ably in  part  of  the  same  origin. 

The  alteration  of  the  feldspars  to  mica  is  common, 
especially  in  the  acid  members  of  the  group.  The  resultant  mica 
is  usually  damourite,  that  is,  a  muscovite  with  a  small  optic  angle. 
The  flakes  of  mica  are  often  of  submicroscopic  size;  they  form 
first  along  the  cleavage  planes.  The  mica  is  apparently  some- 
times paragonite.  It  is  sometimes  accompanied  by  the  formaticM 
of  secondary  hydrargillite,  quartz,  and  calcite.  In  pegmatite  it 
may  be  accompanied  by  secondary  quartz  and  albitc. 

The  alteration  of  feldspars  to  some  form  of  chlorite  is 
not  uncommonly  seen  in  highly  altered  rocks ;  it  is  usually  con- 
fined to  the  basic  feldspars.  All  stages  of  the  transformation  can 
be  found.  A  similar  process  probably  leads  sometimes  to  the 
formation  of  biotite.  These  minerals  cannot  form  exclusively 
from  feldspars ;  iron  and  magnesia  are  obtained  from  adjoining 
minerals. 

The  alteration  of  feldspar  to  a  mass  of  quartz,  calcite, 
and  epidote  is  common.  Such  alterations  are  nearly  always 
accompanied  or  followed  by  the  introduction  of  more  or  less  iron, 
chiefly  as  limonite. 

Saussitritization  is  a  process  confined  to  regions  of 
dynamic  metamorphism.  It  is  often  accompanied  by  a  banded 
schistose  structure  due  to  the  pressure  which  the  rocks  have 
undergone.  It  is  a  change  which  is  known  to  affect  gabbros 
only.  The  basic  feldspars  of  these  rocks  are  thereby  transformed 
to  masses  containing  zoisite,  epidote,  some  acid  feldspar,  and 
quartz,  with  tremolite  or  actinolite,  sometimes  with  garnet  and 
rutile,  more  rarely  scapolite  and  calcite.     The  pyroxene  of  the 
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gabbro  is  dianged  at  the  same  time  to  green  amphibole  or  to 
glaticophane. 

The  alteration  to  scapoHte  has  been  studied  in  great 
detail  in  the  rocks  of  the  Pyrenees  by  Lacroix*.  The  peculiar 
feature  of  the  process  is  that  a  single  crystal  of  dipyre  may  form 
from  a  large  number  of  feldspar  crystals  thus  giving  rise  to  a 
rock  of  much  coarser  grain  than  its  parent.  This  alteration  may 
be  due  to  regicoial  metamorphism  in  some  cases,  but  Lacroix  has 
found  abundant  evidence  that  it  is  not  always  due  to  this  cause. 
It  is  nearly  always  accompanied  by  the  uralitization  of  the  pyr- 
oxene. 

Acid  fumaroles  change  feldspars  to  tourmaline,  to  cassit- 
terite,  to  kaolinite  with  cassiterite,  etc.  In  other  cases  the  process 
results  in  the  formation  of  alunite,  often  with  native  sulphur. 
The  results  of  the  action  of  alkaline  fumaroles  are  not  so  easily 
recognized.  They  may  be  seen  in  rock  fragments  enclosed  within 
acid  volcanic  rocks.  The  feldspars  of  these  fragments  are  often 
corroded  and  then  enlarged  by  a  new  growth  of  soda-orthoclase 
oriented  on  the  old  feldspar. 

Alterations  due  to  heat  alone  result  in  the  opening  of 
the  feldspars  along  their  cleavage  planes  and  their  partial  fusion 
and  recrystallization.  This  process  often  charges  the  feldspars 
with  gaseous  and  vitreous  inclusions;  it  also  changes  normal 
orthoclase  to  the  abnormal  type. 

It  is  noticeable  that  the  same  minerals  occur  as  alteration 
products  under  different  conditions  in  the  foregoing  divisions. 
This  is  due  largely  to  the  fact  that  all  the  factors  producing 
alteration  cannot  be  stated  in  a  simple  classification.  Thus,  it 
has  been  recently  shown  that  hot  solutions  produce  alterations 
that  are  to  some  extent  independent  of  depth.  The  chief  prod- 
ucts of  such  alterations  are  quartz,  damourite  (or  sericite) ,  chlo- 
rite, albite,  and  adularJa.  The  alterations  due  to  fumaroles  are 
also  abnormal  products  in  the  zone  of  katamorphism. 

.^Iterations  of  feldspar  may  be  followed  by  regeneration 
of  the  same  or,  more  commonly,  another  variety  of  feldspar. 
In  this  way  feldspar  grains  or  crystals  are  sometimes  much  en- 
larged. The  new  feldspar  is  fresh  and  glassy,  while  the  old  is 
more  or  less  permeated  by  alteration  products.  The  old  feldspar 
may  be  abnormal  orthoclase  and  the  new  normal  orthoclase;  the 

*BnII.  Soc.  lltH.  Fr.  ISSl.  XIV.  16. 


^dbyGoogk' 


2o6  OPTICAL  MINERALOGY. 

old  may  be  calcosodic  feldspar  and  the  new  pure  albite,  or  even 
adularia.     Such  changes  occur  in  all  kinds  of  rocks. 

Occurrence.  The  feldspars  are  the  most  abundant  and 
most  widely  distributed  minerals  of  the  earth's  crust.  They 
serve  as  a  basis  of  classification  of  the  igneous  rocks;  they  are 
almost  as  abundant  in  the  inetamorphic  rocks,  and  even  the  sedi- 
mentary rocks  often  contain  clastic  feldspars.  They  are  a  nor- 
mal product  of  crystallization  of  all  the  common  igneous  mag- 
mas ;  they  are  a  common  product  of  metamorphism,  both  con- 
tact and  regional ;  finally,  they  are  often  formed  in  veins  from 
hot  solutions,  and  in  pegmatite  dikes  under  aqueo-igneous  con- 
ditions. 

Diagnostics.  Feldspars  are  the  most  abundant  color- 
less constituents  of  igneous  rocks;  they  are  distinguished  from 
quartz  by  the  presence  of  cleavage  and  twinning  and  by  their 
biaxial  character.  They  are  also  characterized  by  low  refrin- 
gence  and  weak  birefringence.  They  alter  readily,  as  described 
above.  To  distinguish  between  the  various  feldspars,  recourse 
must  be  had  to  the  extinction  angles  in  various  sections  or  zones, 
to  the  optic  sign,  to  the  presence  or  absence  of  polysynthetic 
twinning  (plagioclase  or  orthoclase),  to  the  refringence  (espec- 
ially as  compared  with  quartz  by  the  Becke  method),  to  the  bire- 
fringence (especially  anorthite),  to  the  specific  gravity,  or  to 
the  precise  chemical  composition.  Still  other  means  are  occasion- 
ally available:  those  of  importance  will  be  mentioned  in  the  de- 
scription of  each  species. 

(a)     Extinctions  on  the  base  and  brachypinacoid. 

Schuster*  and  Mallard  established  the  relations  exist- 
ing between  the  extinction  angles  on  the  base  and  the  brachy- 
pinacoid. and  the  changing  acidity  of  the  plagioclases  fp.  212). 
The  prevalence  of  favorable  cleavages  renders  it  a  simple  matter 
to  obtain  plates  parallel  to  these  faces.  For  purposes  of  deter- 
mination it  is  usually  necessary  only  to  make  a  coarse  powder 
from  one  of  the  crystals,  from  which  may  be  selected  such  cleav- 
age fragments  as  afford  these  two  directions.  The-^e  mav  be 
distinguished  not  only  by  the  difference  in  the  facihty  of  the 
cleavage  but  also  by  the  different  interference  figures  given  in 
convergent  light.     Cleavage  pieces   parallel    to   001    will   appear 

■rehpr    die    optisrhp    OrlentlrunB   dir   riSKtoclaw.    .Vlii.    Pel.    Ullt.    (Tiehrr- 
main.  IRsn.  III.  ^^--■J^<i. 

Sar  I'lSDinorphlHinp  dm  fi>1d«|>albn  trlr11nli|UPR,   liiilt.   Sir.  iftn.   Prnnrf.   ISSI, 
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lai^r  and  more  abundant  than  those  parallel  to  010.  They  will 
be  apt  to  show  some  trace  of  the  albite  striation,  and  they  will 
never  show  a  bisectrix,  but  instead  will  exhibit  the  indefinite 
extinction  characteristic  of  Y.  Anorthite  comes  nearest  to  exhib- 
iting a  bisectrix  in  a  basal  section.  On  the  contrary  cleavage 
fragments  parallel  to  010  are  likely  to  have  two  straight  parallel 
edges,  caused  by  the  easy  basal  cleavage.  These  should  not  be 
confounded  with  basal  fragments  bounded  by  the  brachypina- 
coidal  cleavages.  At  the  same  time  if  the  fragments  be  parallel 
to  010  they  will  invariably  reveal  a  bisectrix  Z  either  perpendic- 
ular or  somewhat  inclined  to  the  axis  of  the  microscope  when 
examined  in  convergent  light.  To  this  statement  the  basic  plagio- 
clases  (labradorite  to  anorthite)  may  be  considered  an  excep- 
tion, inasmuch  as  the  inclination  of  the  axis  Z  is  so  great  that 
the  point  at  which  it  pierces  the  plane  of  the  section  is  outside 
of  the  field  of  the  microscope.  But  a  test  will  still  show  that 
the  nearest  bisectrix  is  Z. 

When  the  examination  has  to  do  with  the  microlitic 
feldspars  of  the  second  consolidation,  it  is  usually  impossible  to 
obtain  cleavage  fragments  for  the  foregoing  process.  It  is  then 
necessary  to  search  for  favorable  sections  cut  at  random  in  a 
thin  section  of  the  rock  when  the  same  distinctions  are  to  be  ob- 
served, or  resort  may  be  had  to  the  methods  mentioned  below. 
Sections  parallel  to  010  do  not  show  the  albite  twinning  lines. 

In  general,  when  the  extinction  angles  on  both  001  and 
010  are  large  that  fact  indicates  bytownite  or  anorthite;  when 
both  are  small  the  feldspar  is  either  oHgoclase  or  andesine.  In- 
termediate extinction  angles  are  seen  in  albite  and  labradorite; 
while  the  potash  and  soda-potash  feldspars  have  extinction  on 
001  practically  parallel  to  the  cleavages  (except  microcline  which 
has  extinction  at  15°  30'),  and  on  010  their  extinction  varies 
from  5*  to  9'. 

The  extinction  angles  of  the  feldspars  on  the  base  and 
the  brachypinacoid  (or  clinopinacoid)  are  given  in  the  table  on  , 
page  212. 

(b)     The  Statistical  Method. 

The  method  proposed  by  Michel  Levy,  often  designated 
the  statistical  method*,  is  applicable  to  all  cases  in  which  cleavage 
pieces  of  sufficient   size   cannot  be  obtained,  Wit   in   which   still 
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the  albite  twinning  is  evident.  Since  the  albite  twinning  forms 
lanielbe  parallel  to  the  face  oio,  whose  edges  are  inclined  to  each 
other  altematingly  outward  and  inward,  a  thin  section  cutting 
these  lamellK  at  right  angles  to  oio  would  cut  them  also  at  right 
angles,  and  the  extinction  angles  on  opposite  sides  of  any  twin- 
ning line  would  be  equal,  but  of  contrary  signs  since  one  lamella 
is  turned  i8o°  from  the  conventional  position  about  a  line  per- 
pendicular to  oro,  (p.  193).  In  case  the  section  be  not  cut-in  a 
plane  perpendicular  to  010  the  extinction  on  one  side  of  the  twin- 
ning hne  is  greater  than  on  the  other.  The  method  consists  in 
finding  the  maximum  equal  extinctions  on  opposite  sides  of  an 
albite  twinning  line.  All  sections  that  have  equal  extinctions  on 
adjacent  sides  of  a  twinning  line  in  the  same  species,  are  cut 
perpendicular  to  the  face  010;  but  only  one  of  these  affords  the 
maximum  equal  extinctions.  The  position  of  the  plane  which 
affords  the  maximum  extinctions  in  the  zone  perpendicular  to 
OIO,  is  different  for  the  different  species,  and  the  maxima  also 
differ  for  the  different  species.  When  this  maximum  has  been 
found  it  serves  for  the  index  to  the  species  according  to  the  tabu- 
lation on  page  212, 

In  the  application  of  this  method  it  is  not  necessary  to 
examine  all  sections  of  the  feldspars  at  random,  but  by  certain 
guides  those  in  the  zonal  position  can  be  selected,  (i)  It  is  the 
zone  of  symmetry  of  the  albite  twinning,  and  the  alternate  lamel- 
lie  extinguish  at  the  same  angle,  (2)  Since  the  sections  of  this 
zone  are  perpendicular  to  the  composition  face  of  the  albite 
twinning,  these  twinning  lines  are  extremely  fine,  and  remain 
immovable  when  the  focus  of  a  high  power  objective  is  raised 
through  the  thickness  of  the  section.  Such  sections  are  also 
perpendicular  to  the  feldspathic  microUtes,  which  seem  to  be 
elongated  parallel  to  the  albite  twinning  lines,  because  they  are 
flattened  parallel  to  OIO  (see  figures  74  and  75).  (3)  Sections 
perpendicular  to  DID  may  also  be  identified  by  the  fact  that  the 
twinned  parts  show  equal  illumination  eight  times  in  a  complete 
revolution,  viz.  four  times  when  the  twinning  line  is  parallel  with 
either  cross  hair,  and  four  times  at  45*  from  the  cross  hairs.  In 
these  positions  the  lamella  appear  to  belong  to  a  single  crystal, 
being  separated  only  by  a  very  fine  dark  line,  sometimes  almost 
invisible.  This  test  is  extremely  delicate,  and  with  the  least 
obliquity  to  the  axis  of  the  zone  the  equal  luminosity  does  not 
appear. 
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This  method,  notwithstanding  its  tediousness,  is  one  of 
the  most  serviceable  as  well  as  most  reliable,  owing  to  the  readi- 
ness with  which  sections  perpendicular  to  the  plane  010  can  be 
recognized,  and  to  the  characteristic  differences  in  the  maxima 
of  the  various  feldspars.  The  chief  obstacles  that  interfere  with 
its  use  are  (i)  the  possible  existence  of  two  or  more  feldspars 
in  the  same  thin  section,  and  (2),  the  possible  non-existence  of 
the  maximum  equal  extinction  in  any  of  the  crystals  cut  by  the 
random  section.  The  former  is  more  likely  to  arise  in  the  exam- 
ination of  the  acid  and  metamorphic  rocks,  and  the  latter  in  the 
case  of  a  limited  number  of  feldspar  sections  in  the  rock  cut.  In 
the  presence  of  two  or  more  feldspars,  however,  usually  they  will 
be  found  to  differ  in  transparency  or  in  mode  of  distribution,  or 
in  other  evident  optical  characters,  and  the  error  can  be  obviated. 
In  the  case  of  the  feldspathic  microlites  they  are  almost  invari- 
ably of  the  same  species  when  formed  rapidly  at  the  second  con- 
solidation. The  second  obstacle  can  only  be  reduced  by  increas- 
ing the  number  of  feldspar  sections  subjected  to  inspection. 

These  maxima,  alone,  are  sufficient  to  identify  the  oiigo- 
clases  (0°  to  5°),  the  basic  andesines  (more  than  16°,  less  than 
22°),  the  labradorites  (from  2^°  to  35°),  the  bytownites  (from 
35°  to  45°)  and  the  anorthites  (above  45°) . 

When  the  feldspar  microlites  are  twinned  on  the  albite 
plan,  as  frequently  happens,  they  are  amenable  to  this  process  of 
examination.  When  they  are  simple  their  determination  is  more 
difficult.  It  has  been  proposed  by  Michct-Levy,  in  that  case,  to 
employ  the  zone  ooi :  010  parallel  to  the  axis  of  which  they  have 
their  longest  dimension,  but  the  results  obtained  are  not  sufficient- 
ly characteristic  for  all  the  species.  Extinctions  of  such  micro- 
lites, referred  to  their  longer  dimension,  are  tabulated  on  page 
212. 

Microcline'  some  forms  of  labradorlte,  and  albite  could 
hardly  be  distin^ished  by  their  maximum  extinctions  in  simple 
microlites,  but  orthoclase,  oligodase  and  anorthite  are  charac- 
terized by  maxima  which  are  sufficiently  distinct.  Microcline, 
however,  is  rarely  or  never  seen  in  the  condition  of  microlites, 
while  the  associations  of  labradorite  and  albite  are  so  different 
that  there  is  little  danger  of  confounding  them,  Labradorite  is 
the  commonest  product  of  the  consolidation  of  the  basic  erup- 
tives  and  albite  almost  invariably  results  from  metamorphism, 
frequently  from  the  contact  of  igneous  rocks  on  the  calcareous 
elastics. 
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There  is  very  little  reason  to  expect,  side  by  side,  micro- 
lites  of  different  natures.  In  the  vast  majority  of  cases  the  mi- 
crolites  are  formed  rapidly,  and  present  a  great  preponderance 
of  a  single  species  of  plagioclase. 

(c)     Sections  perpendicular  to  the  bisectrices. 

This  method  of  determination  requires  the  use  of  con- 
vergent light  and  the  careful  observation  of  the  interference 
figure  of  the  bisectrices.  It  is  well  also,  but  not  always  necessary, 
to  place  a  drop  of  iodide  of  methyl,  or  of  glycerine,  on  the  lens 
of  the  objective,  and  another  on  the  upper  lens  of  the  condenser, 
in  order  that,  when  they  are  both  brought  near  the  slide  holding 
the  section,  the  liquid  will  spread  to  the  right  and  left,  producing 
practical  immersion.  This  increases  the  field  of  possible  obser- 
vation without  deranging  the  geometric  relations. 

The  details  of  this  method  have  been  elaborated  by 
Fouque.*  It  may  at  first  sight  appear  to  be  a  difficult  task  to 
obtain  sections  perpendicular  to  the  bisectrices  Z  or  X.  But 
when  it  is  remembered  that  cleavage  pieces  or  sections  cut  paral- 
lel to  oio  will  nearly  always  show  the  axis  Z.^nd  when  not  per- 
pendicular may  be  made  so  by  a  little  oblique  grinding,  or  by  the 
use  of  the  tilting  stage  of  Federov,  constructed  by  Nachit.  and 
also  that  the  axis  X  is  in  the  vicinity  of  the  edge  ooi:dio,  it 
is  evident  that  but  little  manipulation  is  necessary  to  cut  a 
crystal  perpendicular  to  either  axis.  Small  transparent  crystals 
are  necessary,  or  pieces  of  large  crystals  boimded  by  known 
cleavages.  The  little  crystal  is  encased  in  a  ball  of  thick  Canada 
balsam  which  can  be  molded  at  will.  This  is  allowed  to  swim 
in  a  little  glass  ring.  Observed  thus  in  convergent  polarized  light 
the  crystal  is  brought  to  present  the  orientation  in  which  it  gives 
the  figure  of  the  axis  sought.  The  operation  is  facilitated  by 
the  previous  knowledge  of  its  cleavages,  and  of  the  probable 
nature  of  the  species  in  hand. 

The  axis  X  is  preferable  in  the  examination  of  the  acid 
plagiodases,  and  Z  in  that  of  the  basic.  Fouque  ascertained  by 
the  examination  of  numerous  inclined  sections  that  in  case  of 
slight  obliquity,  the  decentering  of  the  image  and  the  consequent 
error  in  the  result,  is  less  in  sections  perpendicular  to  X  than 
in  those  perpendicular  to  Z.  He  also  ascertained  that  the  error 
is  greater  (except  in  the  basic  feldspars')   when  the  inclination 

•  Contribution  ft  I'etude  des  feldspatlis  des  roohes  volcanlquea.     Bull,  8oe. 
,„     .r ■„.,,    .I-,..,.    ,o.,    —    .o™  g(j      j^]gQ  iBsued  separately  with  Inde- 
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is  in  the  direction  of  the  trace  of  tlie  plane  of  the  optic  axes  tlian 
in  a  direction  perpendicular  to  it.  An  inclination  of  5°  removes 
the  figure  one-third  of  the  radius  of  the  field  of  the  microscope 
away  from  the  central  ixKition.  An  inclination  of  10°  removes 
it  two-thirds  of  the  same  radius. 

When  a  bisectrix  is  found  and  its  orientation  with  re- 
spect to  X  and  Z  determined,  it  remains  to  measure  the  extinction 
angle  with  a  trace  of  a  known  crystallographic  character.  This 
angle  is  that  made  by  the  optic  pl^ne  with  a  twinning  (albite) 
lamella,  or  with  the  cleavage  parallel  to  001.  Sections  perpen- 
dicular to  X  are  always  measured,  for  this  angle,  on  the  albite 
twinning,  or,  which  is  the  same  thing,  on  the  cleavage  010.  In 
the  case  of  sections  perpendicular  to  ZThe  same  crystallographic 
character  is  employed  in  examining  the  basic  feldspars,  but  it 
is  necessary  to  have  recourse  to  some  other  character  for  the 
acid  feldspars  in  which  the  plane  perpendicular  to  Z  is  parallel, 
or  nearly  parallel,  to  the  face  010,  rendering  the  cleavage  010 
and  the  albite  twinning  invisible.  In  such  a  case  extinction  is. 
measured  on  the  cleavage  parallel  to  001  which  is  very  rarely 
wanting  in  the  acid  feldspars. 

The  extinction  angles  for  the  various  feldspars  in  sec- 
tions perpendicular  to  the  bisectrices  are  given  in  the  tab!e  on 
page  312,  Extinction  angles  ranging  from  55°  to  88°  indicat-:- 
that  the  section  is  normal  to  X ;  those  between  48°  and  3°  indi- 
cate that  it  is  perpendicular  to  Z. 

The  extinction  angles  referred  to  on  the  preceding 
pages  may  be  tabulated  tt^ether  for  convenience  of  reference 
as  follows: — 
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Important  extinction  angles  of  Ihe  feldspar 


ffiftf^ 

^<. 

Extinction  b>Md  on 

Uaximuni 

Blaiinium 

Name 

i^tiou 
11  001 

Section 
II  010 

trace  of  0 

ptic  pUne 

equal 
extinc- 
tion 
Zone 
1010 

extinc- 

Section 

tion 

Zone  II  <t 

■-=1^-1 

*)V 

IBcroMtes 

Celiian 

0° 

+28" 

0° 

90° 

0° 

28° 

Hyalophane 

0= 

-5°  to 
— M» 

90° 

5°-24° 

0° 

5°-24° 

Nonnal 
orthoclase 

0=    . 

+  5= 

90° 

5° 

0° 

5° 

Abnormal 
orthoclase 

0° 

+  5= 

0° 

90° 

0° 

5° 

Soda  orthoclase 

(n 

+11= 

90'7 

11° 

0°7 

11° 

Hiciocline 

+15° 

+  5" 

88° 

10° 

+19° 

16° 

MicrocUne 
■enorthoclBae 

+  2=10 
+  5° 

+  9° 

89° 

S°-8° 

+  IX" 

+  4"  to 

+10° 

89° 

9° 

l°-2° 

Albite 

+  4- 

+20' 

74° 

20° 

—16° 

20° 

Oligodase 
■albite 

+  2H^ 

+10>i'' 

84>i° 

10;i° 

—  4° 

+  2' 

+  T 

88° 

5° 

+  2" 

oyi" 

Oligoclaae 
-aDdcdne 

0° 

0° 

75° 

3° 

+  7° 

0° 

Anderine 
-oUgocUse 

-2" 

-  40 

70° 

3° 

+16° 

Anderine 

—  2>i' 

-100 

66° 

9° 

+25° 

7° 

LabiadoriU 

-S'A' 

—20° 

60° 

22° 

+34° 

18° 

Banc 
Ubradorite 

—11° 

-25° 

58ji° 

33° 

+37° 

32- 

Bytownite 

-18°± 

-33° 

57° 

42° 

+43° 

AnoTthite 

-37- 

-42° 

55° 

48° 

+56° 

55° 

Classification.    Since  celsian  has  recently  been  shown  . 
to  be  monoclinic,'  and  related  to  hyalophane,  the  feldspars  may 
be  classified  as  follows : 


Monoclin 

c  Feldspars 

Monoclinic 
feldspars 

'   Celsian                                                       BaAl^Si^Og 

(often    (K^Ba)Al,Si,Ojj,) 

Orthoclase                                                     KAlSi.O^ 

Soda-crthoclase                                (K,Na)A]SijO, 

idb,Go(5glc 


CELSIAN-HYALOPHANE 


Pseudcmonodir 
feldspars 


Triclinic  Feldspars 

f  Microcline 
■\  Microcline-anorthoclase 


Flagioclase 
feldspars 


MONOCLINIC 


l^Anorthoclase 

Albite 

Oligodase  (Ab„An,  to  Ab.AHj) 

Andesine  (AbjAn^  to  Ab^An^) 

Labradorite  (Ab,Anj  to  AbjAn^) 

Bytownite  (AbjAiij  to  AbjAn^) 
^  Anorthite 

CELSIAN. 

r6:c::o.6s7:  1:0.554 
115° 


KAlSijO, 
(K,Na)AlSi,0. 
CNa,K)AlSi,0, 


I       mNaAlSijO, 
I    +«CaAljSijO, 


BaALSi,0. 


Phvs.  Chak.  Crystal  fonns  similar  to  chose  of  orthoclase  (ad- 
utaria).  Twinning  according  to  Carlsbad,  Manebach,  and  Baveno  laws. 
Cleavages  ]{  001  and  010.  G.  =  3.38.  H.  6.-6.5.  Infusible.  Soluble  in 
HCl. 

Opt.  Piop.  The  plane  of  the  cqjtic  ax-  , 
es  is  parallel  to  010;  the  positive  acute  bisectrix 
Z  makes  an  angle  in  this  plane  of  38°  with  th: 
lateral  axis  a  in  the  obtuse  angle  ^3.  The  optic 
nonnal  is  therefore  perpendicular  to  the  cleav- 
age 010. 

(+)    2F  =  87*± 

»,=  i-S94i  Mo,  =  i.5886  »p  =  i.s83S 

fi, — «p  =  0.0106 

Colorless,  or  stained  by  impurities. 
Luster  vitreous.     Colorless  in  [hin  section. 

Occur.  Celsian  is  distinctly  a  miner- 
al produced  by  contact  metamorphism ;  it  is 
found  in  dolomite  cut  by  trap,  associated  with 
Eamet,  manganophyllite,   and   scbefferite.     Rare. 

DiAG.  Distinguished  from  orthoclase 
and  hyalophane  by  the  optic  sign  and  higher  re- 
fringence.  Also  characterized  by  large  extinc- 
tion angle  in  section  parallel  to  010,  rather  strong 
birefringence  and  large  optic  angle;  further  by 
solubility  and  high  specific  gravity. 

HYALOPHANE. 


NIC  a:b:c::  0.6584 : 1 :  a55i2 

18  =  115'  34J^' 
Phvs.  Chab.    Crystal  forms  similar  t 


(Kj,Ba)AIjSi^O,^ 
orthoclase   (adularia). 
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HYALOPHANE 


very  good  cleavage   IJ 

2.8.      Difficultly    fusible. 


Perfect  cleavage  \\  oo 
oio.  H.  =  6.-6.5.  G. 
Insoluble   in   acids. 

Oft.  Pkop.  The  plane  of  the  optic  ax- 
es and  (he  obtuse  bisectrix  are  normal  to  010. 
The  extinction  angle  on  010  varies  from  — 5° 
to  about  — 24°,  probably  with  increa.se  of  barium 
eonltnt.  since  in  celsian  the  angle  is  still  greater. 
Distinct  horiiontal  dispersion  with  p  >  f  weak. 
Ce^Or,  Ce,Or, 

(— )    2^=      79"  74' 

«j- 1,5469  1.5416 

n„  — 1.5451  1-5395 

«p  =1-5419  1-5.173 

«g  —  Wp  =  0.0050  0.0043 

Colorless,  while,  greeni.sh,  reddish. 
Luster  vitreous.     Colorless   in   t"hin   section. 

Oici-R,  Found  in  dolomite  in  manita- 
nese  mines  in  Sweden ;  also  in  dolomite  else- 
where.    Apparently   a   contact   mineral.  fig,   96. 

DiAC.     Distingnished     front    orthoclas-    Opilcal   ..rierititlon    of 
by   the   extmction   angle   on  oioi   also   by   higher 
specific  grai'ity  and  presence  of  barium. 

ORTHOCLASE. 

MoNOCi-iNic  o:b:  c : :  O.C-y$S6 :  r  :  o.t;55C)  K.\ISi,0, 

^=ir6\V 
Phys.  Cii.\r.    Crystals  of  orthoclasc  coiiintonly  have  the 
forms  named  in  the  description  of  the  feldspar  group.    Carlsbad 
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twinning  is  frequent;  Baveno  and  Manebach  twinning  infre- 
quent. Qeavage  perfect  {|  001,  very  good  ||  010.  Other  cleav- 
ages or  parting  planes  occasionally  seen  are  ||  xfo  and  100.  H.  = 
6.     G,  ^:  2,55-2.58.     Fusible  at  5.     Insoluble  in  acids. 

Opt.  Prop.  Normal  Orthoclase.  The  plane  of  tbe  optic 
axes  and  the  obtuse  bisectrix  are  normal  to  010;  the  trace  of  the 
optic  plane  makes  an  angle  of  -|-  5  °  with  the  cleavage  of  001 .  The 
angle  of  the  optic  axes  is  very  variable ;  it  seems  to  be  larger  in  or- 
thoclase of  the  plutonic  rocks  than  in  that  of  the  volcanic.  The 
angle  2V  is  usually  about  69°  in  the  former.  Distinct  horizontal 
dispersion  with  p  >  v. 

(—)    2f'  —  0°   to  70° 
Hg=  1.5260      H„=  1.5237      Wp^  1.5190 

rtg  —  «p  —  0.007 
Colorless,  white,  pink,  red,  yellow,  gray,  green.    Luster 
vitreous.    Colorless  in  thin  section. 


Flft.  »9. 

Fig.    100. 

Pig.  101. 

Optical    orientation 

Optical    orlenta- 

Optical    orlenta 

tlon  of  soda  ortho 

°?^?^'A1.,» 

ortboclaae. 

clase. 

section. 

Abnormal  Orthoclase.  When  normal  orthoclase  is  highly  heated 
the  angle  of  the  optic  axes  gradually  diminishes  with  increasing  tempera- 
ture until  finally  it  becomes  0° ;  then  the  optic  axes  gradually  separate 
again  in  a  plane  perpendicular  to  the  former  position,  and  parallel  to  DIO. 

This  change   is  reversible   if  the  temperature  is  not  raised  above  6oo°C. 

Above  that  temperature  the  change  becomes  permanent.  Orthoclase  which 
has  been  subjected  to  a  high  temperature  in  nature  therefore  shows  this 

abnormal  position  of  the  optic  axes.    In  some  cases  (he  plane  of  the  optic 

axes  may  be  perpendicular  to  oio  for  red  light  and  parallel  to  oto  for  blue 
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light.    In  abnormal  orthoclase  the  angle  of  the  optic  ax«$  is  always  small 
Inclined  dispersion  slight  with  p>i'.    Colorless. 
( — )  xV  ^  small  angle 
n,=  1.5240    «„=  1.5239    np=  1.5170 
«g  —  flp  =  0.007 
Soda-orthoclase.     Similar  to  normal  orthoclase,  but  the  extinc- 
tion in  sections  parallel  to  010  attains  11°.     The  birefringence  is  slightly 
greater  than  in  normal  orthoclase,  and  the  angle  of  the  optic  axes  is  usually 
larger  according  to  Lacroix,  but  Fouque  gives  2(^^40°   in  one  case. 
Colorless.     See  figure  lol. 

(-)  2y  =  7o'  + 

n„  =  1.5282 

",—  "p  =  0-007+ 

isorthociasc.    Duparc  ^  has  recently  descrcibcd  a  new  variety  of 

orthoclase  which  he  calls  "Isorthose"  in  which  the  acute  bisectrix  is  Z, 

and  which  is  therefore  positive.    The  orientation  is  otherwise   like  that  of 

normal  orthoclase,  the  acute  bisectrix  being  normal  to  010.     The  <q»lic 

,  angle  is  small,  the  hyperbolas  not  entirely  leaving  the  field.    The  extinction 

angle  in  sections  parallel  to  010  is  from  6°  to  9°.    Colorless. 

Alter.  Orthoclase  alters  most  commonly  to  kaolinite 
or  daniourite.  Quartz  and  epidote  may  form  at  the  same  time. 
Much  more  rarely  the  alteration  is  to  chlorite,  to  a  zeolite,  or, 
under  exceptional  conditions,  to  glauconite,  to  tourmaline,  or  to 
alunite.  When  heated,  abnormal  orthoclase  is  produced ;  when 
fused  and  recrystallized,  soda-feldspar  is  often  produced. 

Occur.  Extremely  abundant  in  acid  igneous  rocks ; 
present  in  igneous  rocks  of  intermediate  acidity ;  common  in  con- 
tact zones  and  in  metamorphic  rocks  in  general;  found  in  clastic 
rocks,  and  in  veins.  Regular  intergrowths  of  orthoclase  and  al- 
bite  forming  the  so-called  "perthite"  are  common;  intergrowths 
of  quartz  with  orthoclase,  or  other  feldspar,  often  occur, 

DiAG.  Of  all  the  feldspars  orthoclase  has  the  smallest 
optic  angle,  though  anorthoclase  has  a  smaller  optic  angle  than 
the  maximum  of  orthoclase;  it  has,  further,  the  lowest  specific 
gravity  and  the  lowest  refringence.  Being  monoclinic,  it  has  no 
polysynthetic  twinning,  and  the  cleavage  angle  is  exactly  90'. 

MICROCLINE. 

Triclinic  o:&:c::  0.6495: 1:0.5546  KAISi,0, 

a  =90°  7'  ^  =  115°  50' r  =  89"  55' 
Phys.  Char.    Very  similar  to  orthoclase.    Macroscopic 

1  Comptu  Acndiu.  1904.  CXXXVIII.  p.  TH. 
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twinning  according  to  the  Carlsbad,  Manebach,  and  Baveno  laws ; 
microscopic  polysynthetic  twinning  constant  according  to  the 
albite  and  pericline  laws.  The  trace  of  the  composition  face  of 
the  pericline  twinning  makes  an  angle  of  +99'  with  001  in  010. 
Qeavage  perfect  ]|  001,  very  good  ||  oio,  sometimes  distinct  || 
1 10,  rarely  present  less  distinctly  |  \  iTo.  H.  =  6.-6.5,  G.  =  2.54- 
2.57.    Fusible  at  5.    Insoluble  in  acids. 

Opt.  Prop.    The  plane  of  the  optic  axes  and  the  obtuse 
bisectrix   arc  nearly  perpendicular  to  010;  the   negative  acute 

HICROCLINC 


Opllc&l    orientation    of 


mifnjelint  luinxi/ijf. 


Optical    orleirta- 

lon    of    mlcrocltne 
brachypinacol- 


dal  ■action. 

bisectrix  makes  an  angle  o£  +$"  in  010  with  the  trace  of  001. 
The  extinction  angle  in  001  is  about  +15°  measured  on  the 
cleavage  010.  The  extinction  angle  referred  to  the  trace  of  the 
optic  plane  in  a  section  normal  to  X  is  88°,  and  in  a  section  nor- 
mal to  Z  is  10°.  The  optic  angle  is  large.  Horizontal  dispersion 
notable  with  p  >  v. 

(-)   2^  =  83°  ± 

n,  =  1.5296  H„  =  1.5264  «p  —  1.5224 

M,  —  np  =  0.0072 

Color  white,  yellowish,  gray,  green,  red.     Colorless  in 

thin  section ;  in  thick  sections  the  variety  amazonstone  shows  pleo- 

chroism  with  Z  colorless,  Y  sea  green,  and  X  very  pale  green. 

Pericline  twinning  in  the  plagioclase  feldspars  makes  a 
small  angle  with  oor  and  is  therefore  invisible  in  sections  parallel 
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to  ooi ;  in  microcline  the 
pericline  twinning  makes 
approximately  a  right 
angle  (+99°)  with  001 
and  therefore  in  sections 
parallel  to  001  the  pericline 
twinning  (as  well  as  t!ie  al- 
bite  twinning)  is  distinct. 
These  two  types  of  poly- 
synthetic  twinning  cross 
practically  at  right  angles 
in  sections  parallel  to  001 
and  produce  a  quadrille 
structure  that  is  constant 
and  quite  characteristic  of 
microcline. 

Alter,  Similar  to  those  of  orthoclase.  Change  to  albite 
(with  accompanying  production  of  quartz  and  muscovite)  espec- 
ially common. 

OcccR.  Similar  to  those  of  orthoclase  but  especially 
abundant  in  pegmatite.  Regular  intergrowths  of  microcline  with 
other  feldspars  are  common,  especially  with  albite,  orthoclase, 
and  anorthoclase. 

Micro cljne-anorthoclase  [(K.Na)AlSijOg]  is  like  microcline 
in  physical  characters.  TTie  plane  of  the  optic  axes  is  almost  perpen- 
dicular to  010,  and  other  optic  p'operlic^  are  similar  to  microcline  and 
anorthoclase.  The  composition  face  of  the  pericline  twinning  makes 
an  angle  of  -i-lor°  with  the  face  001,  The  extinction  angle  in  sections 
normal  to  Z  is  5°  to  8°  referred  to  the  trace  of  Che  optic  plane,  and  in 
sections  normal  to  X  it  is  88^  ".  Colorless.  (— )  2V  -  56°-  62°.  It  is  thus 
intermediate  in  optical  characters  between  microcline  and  anorthoclase. 
It   i 


DiAC.  Microcline  is  characterized  by  quadrille  structure 
of  two  rectangular  polysynthetic  twinning  laws  in  sections  par- 
allel to  001.  with  extinction  angle  in  same  section  of  15°. 
ANORTHOCLASE. 

TRrn.iNic  a-b:r::  0.64O6 :  r :  0.5522  (Na.K)  AlSi^O, 

n^goW*  ^  =  116°   18'  7  —  90"  ± 

Phys.  Char.  Similar  to  those  of  orthoclase.  Cleavage  per- 
fect 11  001.  very  easy  !|  oro.    H.  —  6.-6.5.    G.  ^  2.56-2.60. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  almost  perpendicular 
to  o\o.    The  negative  acute  bi.=ectrix  makes  an  angle  of  +4°  to  -|-io°  in 
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FlKurea  104a,   lOlb. 


A'ith  the 


e  of  o 


The  e 


brachyplnacoldal 


n  angle  in  cleavage  pieces  parallel 


,  parallel  to  oio   usually  about  9°.     The   ( 

referred  to  the  trace  of  the  optic  plane  in  sections  normal  to  Z  is  near  9°. 

normal  to  X.  8g°.     Distinct  horizontal   dispersion  with  p>f.     Colorless. 

(— )  2^  =  42°  to  54°   (rarely  32°) 

"g  =  1-5305    «„  =  1.5294    jip  =  1.5234 

Hj  —  Up  —  0.007J 

The  quadrille  or  grating  structure  which  is  constant  in  micro- 
cline  is  sometimes  absent  in  anorthoclase.  due  to  tltc  absence  of  pericline 
twinning.  When  present  the  twinning  bands  are  usually  very  fine  and 
much  narrower  than  in  microcline.  The  composition  face  of  the  pericline 
twinning  makes  an  angle  of  — 75°  to  ^78°  with  001  in  010. 

The  close  relation  and  gradual  gradation  of  optical  properties 
corresponding  to  a  gradation  in  chemical  composition  which  exists  in 
the  plagioclase  feldspars  does  not  exist,  or  at  least,  has  not  yet  been  estab- 
lished, in  the  soda-potash  feldspars. 

Alter.  The  methods  and  products  of  alteration  of  anorthoclase 
are  similar  to  those  of  orthoclase. 

Occur.  Always  accompanied  by  orthoclase,  and  often  inter- 
grown  regularly  with   il.     Found  in  igneous  rocks. 

DiAc.  Quadrille  structure  is  not  so  common  as  in  microcline, 
and  the  bands  aro  finer;  the  extinction  in  sections  parallel  to  001  is  near 
2'  (instead  of  15°,  as  in  microcline)  ;  the  optic  angle  is  smalh  and  the 
maxtmutn  equal  extincticn  angle  in  the  zone  normal  to  OiO  is  1°  to  2°. 

Plagioclase  Subgroup. 

Phys.  Char.  The  physical  characters  of  these  min- 
erals have  been  described  with  those  of  the  feldspar  group  as  a 
whole.  Albite  twinning  of  many  individuals  is  almost  always 
present.  This  twinning;  is  often  combined  with  Carlsbad  twin- 
ning, less  frequently  with  Raveno,  llanebach,  etc.    Polysynthetic 
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pericline  twinning  is  also  common,  usually  reco^izable  only  by 
the  aid  of  the  microscope. 

Albite,  oligoclase  and  andesine  are  not  aifected  by  acids, 
except  by  hydrofluoric  acid;  labradorite  is  attacked  after  long 
treatment,  while  anorthite  is  easily  decomposed.  The  surface  of 
the  microscopic  preparation,  free  from  Canada  balsam,  may  be 
treated  for  several  hours  at  a  temperature  not  exceeding  40° 
(Centigrade)  in  order  to  avoid  melting  the  Canada  balsam  on 
the  other  side  by  which  it  is  adherent  to  the  glass  slide ;  anorthite 
leaves  a  skeleton  of  silica,  while  labradorite  only  shows  a  partial 
corrosion.  The  test  can  be  made  on  a  fine  powder,  and  greater 
heat  applied,  even  to  boiling  of  the  acid.  The  partial  attack  on 
labradorite  can  be  made  Apparent  by  applying  to  the  slide,  after 
thorough  washing  in  water,  some  aniline  color  (as  malachite 
green)  which  will  permanently  color  the  gelatinous  silica. 

Opt.  Prop.    The  position  of  the  optic  elements  has  been       < 
given  in  the  description  of  the  feldspar  group  as  a  whole,  but  'A^  ^ 
may  be  repeated  that  in  thf ■  plagioclase  series  the  direction  Z  of 
the  index  of  refraction  nf  is  more  or  less  nearly  perpendicular 
to  010;  therefore  a  bisectrix,  more  or  less  well   centered,  is  seen 
in  cleavage  fragments  parallel  to  010  (only  one  hyperbola  is  seen 
in  labradorite,  bytownite  and  anorthite)  ;  Z  is  always  in  or  very 
near  the  plane  perpendicular  to  010  and  001.     The  position*  of 
Z  and  X  are  shown  in  the  following  table : — 
t         i/t 
Orientation  of  Z  Jtiii  Jf  111  the  plagioclate  feldspars. 


Angle  between  Z 

Angle  between  X 

and  a  normal  to 

and  a  nonnal  to 

Albite 

Ab 

78°' 

W 

89° 

81° 

Oligoclase 

AbiAm 

94° 

1" 

96= 

89° 

Oligoctascandesine 

Ab^D, 

80" 

6" 

91° 

90" 

AbsAni 

69" 

17" 

83° 

86" 

Labradorite 

AbiAni 

58° 

28° 

74° 

82" 

Basic  labradorite 

AbjAn, 

50° 

3r 

67° 

71" 

Anorthite 

An 

40° 

47° 

55° 

58° 

It  will  be  seen  that  in  acid  plagioclase  X  is  approxi- 
mately parallel  to  the  intersection  of  001  and  010;  in  basic  plagio- 
clase it  varies  considerably  from  this  position.  These  facts  are 
shown  in  stereographic  projection  in  figure  105,  and  figures  109- 
115- 

The  position  of  the  optic  elements  with  respect  to  the 
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s  of  the  plaglocUiaa 

simple  crystal  form  in  the  various  plagioclases  is  shown  in  clino- 
graphic  projection  in  figures  116-121,  123,  124. 

The  sign  of  the  acute  bisectrix  changes  three  times  in 
the  plagioclase  series  (see  table,  page  202,  and  figure  94)  ;  the  dis- 
persion of  the  axes  is  p  <  zi  about  Z  from  albite  to  andesine,  and 
p'>  V  from  labradorite  to  anorthite,  with  varying  inclined,  hori- 
zontal or  crossed  dispersion  in  the  various  types,  at  least  two 
kinds  of  dispersion  being  shown  by  each  type. 

The  indices  of  refraction  increase  with  the  increasing 
percentage    of   lime ;    the    birefringence    decreases    from    albite 
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(0.009)  to  andesine  (0.0065)  ^^d  then  increases  to  anorthite 
(0.0130).    See  page  201  and  figure  94.  1 

DiAG.  (a).     Sections  perpendicular  to  the  axis  Y,   '^ 

M.  de  Federov  has  studied  the  extinctions  in  sections 
perpendicular  to  the  axis  Y.  They  present  the  highest  colors 
between  crossed  nicols,  and  a  somewhat  characteristic  figure  in 
convergent  light  (p.  87). 

-Vs  shown  by  a  general  epures  of  Michel  Levy  (figures 
109-115)  and  the  tabulation  below,  they  vary  from  albite  to 
andesine  inclusive,  from  +2°  to  — 3°.  They  are  not  therefore 
suflUciently  characteristic  to  separate  the  acid  andesines  from  the 
albites.  The  basic  feldspars,  on  the  contrary,  ranging  from  — 3° 
(andesine  -■^bjAnJ  to  — 10°  for  labradorite,  and  to  — 36°  for 
anorthite,  are  susceptible  of  distinction  in  these  sections.  It 
appears,  therefore,  that  very  diverse  methods  succeed  in  this 
basic  series  and  generally  fail  in  the  acid  series.  Still  the  sections 
of  maximum  birefringence  are  capable  of  rendering  service, 
especially  in  the  absence  of  twinning. 

(b)     Scctiotis  perpendicular  to  the  optic  axes. 

M.  de  Federov  has  also  given  the  extinction  angles  on 
the  optic  axes  in  simple  crystals  (1) ;  and  to  these  Michel  Levy 
has  added  those  of  twinned  crystals,  both  those  of  the  Carlsbad 
type  and  those  of  the  albite.  The  numerals  (i)  and  (T)  are 
made  to  represent  the  two  individuals  of  the  albite  twinned  crys- 
tals, and  (2),  (2')  the  two  adjacent  albite  individuals  of  a  Carls- 
bad twinned  crystal.  It  is  evident  that  the  parts  (i),  (i')  may 
belong  to  one  or  the  other  of  the  parts  (2),  (2').  These  extinc- 
tion angles  for  each  optic  axis  are  given  in  the  tabulation  below. 


Extiiiclion  anglei 

in  section  110 

rmal  I 

.■),  B 

or  Y 

u  plagiodase 

feldspa 

—Se^' 
tion 

.LY 

Name 

Approi. 
Comp. 

Sec- 
tion 

IA(1) 

'1') 

(2) 

(2') 
-t-28^ 

tion 

±B(1) 
-1-63° 

(!') 

i2) 
+45°" 

(2') 

Albite 

Ab 

-1-62° 

+37° 

-t-30° 

+40° 

— 32"j  +  2" 

OUgocUse 

AbiAni 

W 

0" 

+25^- 

+25" 

90° 

90° 

-35° 

— K"  1  +  H' 

AbsAn, 

-82° 

-40° 

-1-22° 

+22° 

-82° 

—42° 

—17° 

— 1&           0° 

Andesine 

Ab.Ani 

-71° 

-M" 

-1-15° 

+35° 

-69° 

-31° 

-  6° 

0° 

-3° 

Labradorite 

AbiAni 

-49° 

-40" 

-HO" 

+27° 

-57° 

—23- 

+  3° 

+14° 

-10° 

Anorthite 

An 

-20° 

—53° 

-25" 

+  15° 

—62° 

-12° 

+47° 

—56" 

-36' 

Albite  twin 

Albite  twin 

Albite  twin 

Albite  twin 

Cailibad  twin 

Carlsbad  twin 

A  and  B  in  the  above  table  designate  the  two  optic  3 
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The  angles  given  in  the  first,  second,  fifth,  and  sixth  columns 
\i.  e.,  LA  (i),  and  (i'),  IB  (i)  and  (i')]  refer  to  the  extinc- 
tion as  measured  from  the  trace  of  the  optic  plane. 

fc)     Sections  parallel  to  the  brachyphiacoid  oio. 

In  random  rock  sections  those  grains  or  crystals  oi 
feldspars  which  are  cut  parallel  to  oio  have  certain  properties 
which  permit  their  identification  in  inany  cases.  Extinction  angles 
in  such  sections  are  very  characteristic  throughout  the  plagioclase 
series  and  the  identification  of  such  sections  becomes  a  matter  of 
importance.  Since  they  are  parallel  to  oio  they  can  exhibit  only 
one  cleavage,  the  basal.  Further,  such  sections  cannot  show  the 
albite  twinning  lamellae  since  they  are  parallel  to  the  albite  com- 
position face.  In  a  thin  section  0.02  mm.  in  thickness,  if  the  sec- 
tion is  only  approximately  parallel  to  010  so  that  two  albite  lamel- 
la; overlap  through  a  distance  of  0.3  mm.,  the  section  varies  less 
than  4°  from  strict  parallelism,  and  may  be  used  by  allowing  for 
an  error  of  about  ±2°  in  the  results.  Sections  parallel  to  010 
are  also  parallel  to  the  composition  face  of  the  Carlsbad  twins, 
but  in  this  case  the  junction  of  the  twins  is  usually  not  a  plane; 
there  is  an  irregular  interpenet ration,  and  therefore  sections 
rigorously  parallel  to  oio  very  often  show  two  individuals  of 
Carlsbad  twinning  in  contact  along  an  irregular  line  and  partly 
superposed.  The  basal  cleavages  in  such  twins  will  make  an  angle 
of  128°  (or  52°).  Again,  sections  parallel  to  010  may  sometimes 
be  recognized  by  means  of  contours  of  the  zones  of  increment 
or  the  external  contours.  These  contours  are  formed  by  the 
following  faces,  given  in  ilie  order  of  their  frequence,  001,  201, 
"loi,  no.  il"o,  3oT.  and  203.  The  angles  made  by  these  faces  in 
section  010  are  shown  in  figure  106.  Sec- 
tions parallel  to  qio__are  nearly  perpendic- 
ular to  the  bisectrix  Z  in  albite,  oligoclase. 
and  antksine ;  in  the  more  basic  pli^o- 
clases  the  interference  figure  departs  more 
and  more  from  the  bisectrix  Z^and  ap- 
proaches the  optic  axis  A.  hut  7.  is  in  all 
the  ca^es  the  nearest  bisectrix.  Sections 
parallel  to  010  are  nearly  perpendicular  to 
the  basal  cleavage;  this  cleavage  is  always 
near  (o''-36'')  the  negative  direction  (X') 
of  extinction,  and  also  near  (o°-20°)  the 
coni]>osition  face  of  the  periclinc  twinning. 


f  feldspar  pflrallel   t 
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Pericline  twinning  bands  are  usually  much  finer  than  albite  twin- 
ning bands,  and  are  not  as  abundant  in  most  cases. 

When  the  position  of  the  basal  cleavage  and  some  face 
of  the  vertical  zone  (as  no)  can 
be  determined  the  sign   of  the 
extinction  angle  is  given  by  the 
rule  that  positive  extincticm  an-  . 

gles  occur  in  the  obtuse  angle  ^  ^^   (^(,^  (,)(ji 

and  negative  in  the  acute  angle"       * 
j3.     The  sign  of  the  extinction 
angle    can    also    be    determined 

when  the  section  parallel  to  oio         ^^  ^j    carisbad  t 
is  cut  so  as  to  show  two  parts  of  '"  ''^''' 

a  Carlsbad  twin.  '  In  such  a  case 
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the  line  bisectin|^  the  angle  between  the  basal  cleavages  in  the 
two  parts  should'  also  bisect  the  angle  between  the  negative  direc- 
tions- (X)  of  extinction  in  the  two  parts,  as  in  figure  107.  The 
angle  (•«))  between  these  two  positions  will  then  detennine  the 
sign  of  the  angle  of  extinction  in  010,  as  follows: — 

For  albite  w^i68°;  extinction   in  oto  is  at   +20°, 

For  oligoclase  (0=^128°;  extinction   in' 010  is  at  0°. 

For  andesine  a>^ii2°;  extinction  in  010  is  at  — 8°. 

For  labradorite  (0  =  96*' ;  extinction  in  010  is  at. —  16°. 

For  anorthite  «  =  54*;  extinction  in  010  is  at  — 37°. 

,The  extinction  angles  of  the  plagioclase  feldspars  in 
sections  parallel  to  010  are  shown  graphically  in  figure  108. 

In  certain  rare  cases  the  albite  twinning  is  absent,  while 
the  pericline  twinning  is  well  developed.  Since  it  is  difficult  to 
recognize  such  cases  it  is  very  fortunate  that  they  are  quite 
uncommon.  Extinction  angles  measured  on  the  trace  of  the 
pericline  twinning'  may  be  tabulated  as  follows: — 


Extinction  angles  on'the  periclmt  twinning  in  plagioclase  feldspar 


Name 

Sec- 
tion 

(10 

Sec 
tion 

iY(l) 

(10 
-16^° 

See- 

tion 
IX(l) 

+77" 

flO 

Sec- 
tion 

1A(1) 

+  5.5° 

(1') 

Sec- 
tion      (1) 

iB(l)! 

Albite 

-  3" 

- 1° 

-13" 

-76° 

+  41° 

-10.5°! -35.5^ 

OHgockw 
Oligoclue- 

—   3" 

-4.5" 

-  3.5° 

-  4" 

—27° 

—86.5" 
-  75.5° 

+89.5° 

+85° 

-  4.5° 
—10.5° 

-61" 
-43.5° 

0° 
4'' 

+30° 
+  49.5° 

ADdesine 

-  7° 

—  0° 

-16" 

-66.5° 

+67° 

-21° 

-33° 

+12..5° 

+42.5° 

Ubradorite 

-  8' 

+  7.5" 

-12" 

-34° 

-57-5° 

+57° 

-25.5° 

-  23.5° 

+  19-5= 

+66= 

labradorite 

+  17J= 

+12° 

-20° 

68° 

-49.V 

+42° 

-38° 

—17° 

+15.5^+49.5° 

Mortbite 

-33.5= 

+19.5° 

-24.5' 

+76.5° 

-34.5° 

+21° 

—57° 

-17° 

-35°    1  +  13° 

Pericline 
twin 

Pericline 
twin 

Pericline 
twin 

Pericline 

Pericline 

The  angle  made  in  010  with  the  trace  of  001  by  the  com- 
position face  (or  rhombic  section — sec  p.  194)  of  this  twinning  is 
shown  in  figure  87. 

Michel.  Levy  has  platted  the  optical  properties  of  the 
various  plagioclase  feldspars  in  a  series  of  ingenious  and  valuable 
stereographic  projections.  They  are  reproduced  in  figures  109- 
115.     These  projections  not  only  show  the  extinction  angle  ot 
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any  section  whose  orientation  is  known,  but  also  show  the  com- 
plete range  of  extinction  angles  in  practically  any  zone.  Thus, 
the  extinction  angles  in  the  zone  normal  to  OIO  (=  maximum 
equal  extinction)  are  to  be  found  alon^  the  vertical  diameter  in 
each  case.  Again,  the  extinction  angles  of  the  vertical  zone  are 
given  along  the  circumference  of  the  circle.  The  extinction  angles 
of  any  other  zone  whose  axis  is  in  oio  are  given  along  the  vari- 
ous meridians  and  parallels. 

In  stereographic  projections,  as  explained  on  page  25 
the  pole  of  any  face  is  located  by  a  double  projection,  first  upon 
the  surface  of  an  enclosing  sphere  along  a  radius,  and  second 
upon  the  equatorial  plane  of  the  sphere  along  lines  leading  to 
the  south  pole.  The  equatorial  plane  of  projection  is  commonly 
(as  in  this  case)  chosen  as  the  plane  normal  to  the  prismatic  zone. 
The  poles  of  the  prism  faces  are  therefore  found  in  the  circum- 
ference of  the  plane  of  projection.  The  pole  of  the  base  is  not 
far  from  the  center,  in  the  lower  right  hand  quadrant.  The  poles 
of  some  other  crystal  faces  are  also  expressed.  The  entire  sur- 
face is  divided  by  meridians  and  parallels  into  quadrangular  areas 
having  arcs  of  five  degrees.  The  meridians  running  from  right 
to  left  all  pass  through  the  poles  010  and  oTo.  The  parallels 
which  surround  the  poles  are  the  various  stereographic  projections 
of  planes  inclined  to  010  at  intervals  of  5' ;  but  in  the  zone  whose 
axis  is  normal  to  c  and  parallel  to  010.  The  trace  of  the  optic 
plane  is  shown  by  the  heavy  black  line  passing  through  the  loci 
of  tjie  optic  axes  A  and  B  and  the  bisectrices  X  and  Z.  The  other 
heayy  lines  show  the  planes  connecting  Y  with  the  bisectrices. 
.About  the  axes  X,  Y,  Z  are  double  curves  in  broken  lines.  These 
unite  the  poles  of  sections  having  the  same  birefringence.  About 
the  optic  axes  the  first  curve  shows  the  birefringence  0.0025. 
Then  come  the  curves  0.0035  ^°  0.0085.  Th^  '*st  surrounds  the 
optic  normal  Y.  At  the  principal  intersections  of  the  meridians 
and  parallels  are  figures  which  give  in  degrees  the  angles  of  ex- 
tinction for  sections  parallel  to  planes  whose  poles  are  at  those 
intersections.  These  extinction  angles  vary  from  o"  to  90°,  since 
they  are  measured  in  all  cases  to  the  trace  of  the  optic  plane.  The 
sign  of  these  angles  is  determined  by  Schuster's  rule  (see  page 

196). 

The  fine  dotted  lines  unite  poles  of  sections  giving  th* 
same  extinction  angles.  The  curves  composed  of  crosses  sep» 
arate  the  negative  from  the  positive  extinctions,  and  coincidi 
with  the  curves  of  0°  extinction. 
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The  various  planes  of  a  zone  whose  axis  is  in  010  and 
oblique  to  c  have  their  poles  on  a  meridian  extending  between 
the  poles  010  and  olo.  The  numbers  that  are  seen  along  this 
meridian  express  the  extinction  angles  for  the  different  planes 
of  such  a  zone.  The  greater  the  inclination  of  the  zonal  axis 
the  greater  the  separation  of  its  meridian  from  thp  horizontal 
diameter  of  the  projection. 

Day  and  Allen*  have  recently  contributed  important  evi- 
dence that  the  plagioclase  feldspars  are  actually  isomorphous 
mixtures  of  two  end  compounds,  albite  and  anorthite.  It  ;s 
also  shown  that  they  are  solid  solutions,  and  that  the  components 
are  miscible  in  all  proportions  in  both  the  solid  and  liquid  phases. 
These  conclusions  have  been  reached  by  means  of  careful  study 
of  the  fusing  points  and  specific  gravities  of  tlie  minerals. 

There  is  some  difference  in  practice  as  to  the  exact 
nomenclature  of  the  plagioclases.  The  following  table  showii 
the  nomenclature  adopted   (which  is  that  of  Lacroix,  with  the 

single  exception  that  ^gj^iMMJUfrl  linir  l1^"l1n^i^r  r  ir  rinnai 


An. 

m  = 

Theoretical 

C< 

Ab, 
Ann. 

SiOi    AliCb 

< 

Fouqu€ 
1894 

Lacroix 

1896 

1;0 

.0.0 
7.7 
11.1 
14.3 
20.0 
25.0 
33.3 
40.0 
42.9 
50.0 
57.1 
60.0 
66.7 
75.0 
80.0 
85.7 
88.9 
100.0 

68.7 
66.6 
65.7 
64.9 
63.3 
62.0 
59.9 
58.1 
57.4 
55.6 
53.7 
53.0 
51.4 
49.3 
48.0 
46.6 
45.9 
43.2 

19.5 
20.9 
21.6 
22.1 
23.1 
24.0 
25.4 
26.6 
27.1 
28.3 
29.6 
30.1 
31.2 
32.6 
33.4 
34.4 
34.9 
36.7 

1 
1 
1 
1 
1 
1 
1 
1 
7 

Albite 

Albite 

1:0 

12:1 

OligoclMe 

01ig.-albite 

12:1 

8:1 

-)lig.-alK 

8:1 

6:1 

6:1 

4:1 

ligoclase 
lig.-and. 

Oligoclase 

4:1 

3: 1 

01ig.-and. 

3:1 

2:1 

Andeune 

And.-olig. 

2:1 

3:.' 
4:3 

kndesine 

Andedne 

3:2 

4:3 

in 

abrador. 

Labredorite 

1:1 

3:4 

Labr.-byt 

3:4 

1:2 

abr^byt. 

2:3 
1:2 

1:3 

ytownite 

Bytownite 

Bytownite 

1:3 

1:4 

1:4 

1:6 
1:8 

Byt-anor. 

1:6 
1:8 

U:l 

Lnorthit 

Anorthite 

0:1 

Detent 

In  par 

Ined  b 
deter 
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ALBITE. 
Triclinic  a:  fc:c::  0.6333: 1:0.5572  NaAlSijOg 

«  =  94°3'  (8=^ii6°  27'  7  =  88°  9' 
Phys.  Chah.  Crystals  show  the  form  and  habits  com- 
mon to  the  feldspar  group.  «  1  ^  ■  *• 
They  are  often  tabular  ||  ALBITE. 
GIG,  sometimes  elongated  ]  I 
c,  and  sometimes  parallel  to 
intersection  of  010  and 
loi.  When  pericline  twin- 
ning is  present  the  crystals 
are  often  elongated  t|  i>,  or 
tabular  ||  foi.  Also  foimd 
in  lamellar  or  granular 
masses.  Cleavage  perfect 
II  001.  somewhat  imperfect 
II  010,  imperfect  ||  no. 
Fracture  uneven  or  con- 
choidal.  Twinning  of  the 
a! bite  type  nearly  always 
present;  this  may  be  com- 
liined  with  other  types  es- 
pecially the  Carlsbad  or 
pericline.  B  a  v  e  n  o  and 
Maiiebach  twinning  un- 
common. Esterel  twinning, 
in  which  the  twinning  axis 
is  the  axis  a  and  the  com- 
position face  is  the  base, 
occurs  rarely.  Roc  Tourne 
twinning  is  a  type  common 
in  the  metamorphosed  lime- 
stones. It  consists  of  two 
groups  of  crystals,  each 
twinned  on  the  albite  law, 
which  are  again  twinned  as          op  <=  p  ane. 

groups  according  to  the  same  law.  These  groups  interpenetrate 
in  such  a  way  that  their  composition  faces,  if  one  were  present, 
would  be  a  plane  parallel  to  c  and  normal  to  010.  H.  =  6.-6.5. 
G.  —  2.62  to  2.63  {2.6  artificial  crystals).  Insoluble.  Fusible 
at  4. 
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Opt.  Prop,  A  plane  perpendicular  to  the  acute  bisectrix 
makes  an  angle  of  101°  to  102°  with  001  and  cuts  the  acute  angle 
between  001  and  010,  The  acute  bisectrix  makes  an  angle  of  15° 
with  a  normal  to  010.  The  extinction  angle  in  010  is  +20°  to 
-1-31° ;  in  ooi  it  is  +3°  to  -i-4°-  The  extinction  angle  in  a  section 
normal  to  Z  is  20°,  and  in  a  section  normal  to  X  it  is  74° 
when  measured  to  the  optic  plane.  The  maximum  angle  of 
equal  extinction  in  the  zone  normal  to  010  is  — 16°.  Other 
extinction  angles  are  given  in  preceding  tables.  The  acute 
bisectrix  is  positive.  In  sections  normal  to  Z  the  acute  bisectrix, 
ihe  dispersion  of  the  optic  axes  \s  p  <v,  distinct  in  one  axis, 
indistinct  in  the  other.  In  the  same  sections  there  is  very  weak 
horizontal  dispersion  combined  with  strong  dispersion  of  the 
bisectrices. 

+  2V  =  77'' 

n^=  1.540  Na  (ML  and  Lx)      =  i.S33i  Na  (Zimanyi) 

nBi  =  ''534  ^*  OAl^  and  Lx)      =1.5287  Na  (Zimanyi) 

«„  =  '-532  Na  (ML  and  Lx)      =  1.5392  Na  (Zimanyi) 
II J  —  Jtp  =  o.oog  (direct  measure.  ML  and  Lx) 

Q>lor  white,  bluish,  gray,  reddish,  greenish;  sometimes 
opalescent  on  001.    Luster  vitreous.    Colorless  in  thin  section. 

Alter.  The  modes  and  products  of  alteration  of  albite 
are  those  common  to  the  group. 

Occur.  Albite  is  found  in  many  crystalline  rocks,  but 
is  rare  as  a  primary  constituent  of  igneous  rocks.  It  is  formed 
by  the  alteration  of  analcite,  and  also  by  the  metamorphism  of 
other  feldspars  in  the  process  of  saussuritization.  It  is  often  an 
abundant  constituent  of  crystalline  schists.  It  forms  an  important 
part  of  many  veins,  both  metalliferous  and  non- metalliferous. 
where  it  has  been  formed  by  hydrothermal  action.  Finally  it 
'■ccurs  occasionally  in  sedimentary  limestones. 

DiAG.  Distinguished  from  preceding  feldspars  by  pres- 
ence of  albite  (and  sometimes  pericline)  twinning,  and  absence 
"f  the  quadrille  structure  of  microcline.  Differs  from  the  other 
plagioclase  feldspars  in  specific  gravity  and  optic  properties  as 
'hewn  in  the  preceding  tables. 
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OLIGOCLASE, 

Triclinic  a:  b:c::  0.6321 :  i :  0.5524  Ab,jAn,  to  AbjAn, 

a=:g3°4'  p—i  16°  22'  y  =  90"  4' 

Phvs.  Char.  Crystals  uncommon;  usually  in  lamellar 
or  compact  masses.  Microscopic  twinning  according  to  albite, 
pericline,  and  Carlsbad  laws.  Cleavage  perfect  ||  001,  less  per- 
fect I]  010,  imperfect  ||  no.  H.  =  6.  G.  =  2.635  to  2.67  (2.61 
to  2.64  artificial  crystals) .     Fusible  at  3.5.     Insoluble. 

Opt.  Prop.  The  axis  Z  makes  an  angle  of  1°  to  6°  with 
a  normal  to  010,  and  an  angle  of  80°  to  94'  with  a  normal  to  001. 
The  axis  X  makes  an  angle  of  91°  to  96°  with  a  normal  to  001. 


□  ■.ICDCLASE.DLICDCLASE-ANDEBINI 


Figs.   117,    lis.      Optical 
— andeslne  (Ab.An,).    Crystal 
is  the  optic  plane. 
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and  an  angle  of  75°  to  90°  with  a  normal  to  010.  The  extinction 
angle  in  001  is  0°  to  +2.^%  and  in  010  is  o"  to  +15°.  The  ex- 
tinction angle  referred  to  the  optic  plane  in  a  section  normal  to 
Z  is  3°  to  15°,  and  in  a  section  normal  to  X  is  75°  to  88°.  The 
maximum  angle  of  equal  extinction  in  the  zone  normal  to  010  is 
— 10°  to  +7°.  Other  extinction  angles,  and  the  relation  of  these 
to  the  composition,  are  given  in  preceding  tables.  The  acute 
bisectrix  of  the  acid  oligoclases  is  positive,  and  of  the  basic  types 
is  negative.  In  sections  normal  to  Z  the  dispersion  of  the  optic 
axes  is  distinct  with  p  <  v,  white  there  is  crossed  dispersion,  dis- 
tinct on  one  side  and  indistinct  on  the  other,  combined  with 
inclined  dispersion  of  the  bisectrices. 

(=fc)  2F  =  8o''  to  cfo" 

",- 1.5457  1.5469  1-5490 

n„  =  1.5415  1.5431  1.5458 

'ip=  1-5373  1.5389  1-5417 

(I, Hp  =  0.0084       0.0080      0.0073 

Color  white,  grayish,  greenish,  reddish,  sometimes  with 
internal  fire-like  refiections.  Luster  vitreous.  Colorless  in  thin 
section. 

Alter.  Similar  to  albite,  but  kaolinization  is  less  fre- 
quent than  in  albite. 

Occur.  Oligoclase  occurs  in  eruptive  rocks  and  in 
crystalline  schists.  Oligoclase-andesine  is  more  abundant  and 
wide  spread  in  occurrence  than  the  other  varieties.        ' 

DiAG.    See  the  preceding  tables. 

ANDESINE. 

Triclixic  a:b:  c::  0.6356:  i ;  0.5521  AbjAni  to  Ab.An, 

a=^93°23'^  =116°  29'  y  =  89°59' 

Phys.  Char.  Crystals  rare;  usually  massive.  Twins 
according  to  the  Carlsbad,  Baveno,  albite,  pericline,  and  Esterel 
laws.  Pericline  twinning  visible  only  microscopically.  Albite 
twinning  bands  often  too  narrow  to  be  visible  macroscopically. 
Oeavage  perfect  ]|  001,  less  perfect  ||  010,  sometimes  found  in 
traces  |1  no.  H.  —  5.  to  6,  G.  —  2.671  to  2.684  (2.658  to  2.674 
artificial  crystals).  Nearly  insoluble  in  acids.  Fusible  in  thin 
splinters  only. 

Opt.  Prop.  A  plane  perpendicular  to  the  acute  bisectrix 
makes  an  angle  of  100°  to  112'  with  001,  and  174°  to  163°  with 
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ANDESINE. 


oio.  The  extinction  angle 
in  ooi  is  — 2*  to  — 2.5', 
and  in  010  it  is  — 4°  to 
— 10°,  while  the  maximum 
angle  of  equal  extinction  in 
the  zone  normal  to  010  is 
+i6°  to  -1-25°.  Other  ex- 
tinction angles  and  the  re- 
lation of  these  to  the  vary- 
ing composition  are  given 
in  the  preceding  tables. 
The  acute  bisectrix  is  posi- 
tive. In  sections  normal  to 
Z  the  axial  dispersion  is 
fi<v  with  distinct  hori- 
zontal and  weak  inclined 
dispersion  of  the  bisec- 
trices. 

(  +  )  2^  =  87°  1090° 

«,=:  1-556 

n»  =  1-553 

np— 1-549 

«,^  Up  =  0.007 

Color  white,  gray, 
greenish,  yellowish,  red. 
Luster  vitreous.  Colorless 
in  thin  section. 

Alter.  Similar  to 
the  alteration  of  oligodase. 
Occur,  Andesine 
is  abundant  in  igneous 
rocks,  both  plutonic  and 
volcanic ;  it  occurs  in 
gneisses  and  schists,  also, 
rarely,  in  veins. 

DiAG.     See  the  preceding  tables, 

LABRADORITE. 

Triclinic  a:b:c:: 0.6377 ■  ^  '■  0-5547  Ab,An,  to  Ab,.\n- 

o=:93'3i'    /I  =  ii6°3'   y=:89°54' 
Phys.  Chab.     Crystals  often  tabular  ||  010;  also  mas- 


Plg.  119.  Optical  orlentaUon  of  an- 
dealne  (Ab^n,).  CryaUl  limited  by 
001.  010.  and  100.  ■  The  dotted  plane  Is 
the  optic  place. 
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sive,  cleavable ;  granular,  or  cryptocrystalline.  Twinning  nearly 
always  present  of  the  Carlsbad,  albite,  pericline,  Baveno,  or  Mane- 
bach  type ;  the  first  two  or  even  three  are  often  present  together. 
Cleavage  perfect  1 1  001,  less  perfect  1 1  010,  sometimes  imperfect  1 1 
1 10  and  some  other  prisms.  H.  =:  5.  to  6.  G.  ^=-  2.694  to  2.716 
(2.685  to  2.711  artificial  crystals).  Only  slightly  soluble  in  boil- 
ing HCl.     Fusible  at  3.  to  a  colorless  glass. 

Opt.  Prop,     h  plane  perpendicular  to  the  acute  bisec- 
trix makes  an  angle  of  122°  to  130'  with  ooi,  and  152°  to  143° 


LABRADDRITE.     BASIC   LABRADDRITC. 


Flgni'   ISO,  ]-!<     Optical  orlentaUon  of  labradorlte   <Ab,An,)   and   b 
radorlte  <Ab,An,).     Crystal  limited  by  001,  010,  and  100.     The  dotted  plane  Is 
ltt«  optic  plane. 
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with  oio.  The  extinction 
angle  in  ooi  is  — 5.5°  to 
— 11°,  and  in  010  it  is 
— 20°  to  — 25°,  while  the 
maximum  angle  of  equal 
extinction  in  the  zone  nor- 
mal to  010  is  +34°  to 
+37°.  Other  extinction 
angles  and  the  relation  of 
these  to  the  varying  chem- 
ical composition  are  given 
in  the  preceding  tables. 
The  acnte  bisectrix  is  posi- 
tive.   In  sections  normal  to 

Z,    the    acute    bisectrix,    the  FIB-      122.      Section      at      labradonto 

J.                       ,  .,           ^.  showing    CarlabHd.    alblte,    and    perl- 

dispersion   of  the  optic  axes  ^^^„^  twinning  m  ,mamfalte  from  near 

is      jO    >    V,      with      distinct  Frimkrort-am-Maln.    H,    J37.1  +  niC3ls. 

crossed      dispersion      and 
weak  inclined  dispersion  of  the  bisectrices. 
+  2y  =  77°  to  80° 
«g  — AbjAiij  AbjAn^ 

«,=  1.562s  i.s68g 

«m=  1.5578  1.5639 

"p  — '■5548  1.5611 

",—"b  —  °-°°7y  0.0078 

Color  gray,  greenish,  brown,  colorless,  white;  often  ex- 
hibits play  of  colors  especially  on  010.  Luster  vitreous.  Color- 
less in  thin  section. 

Incl.  The  colored  varieties  contain  abundant  inclus- 
ions of  hematite  or  ilmenite,  or,  in  other  cases,  black  acicular 
inclusions  regularly  arranged.  In  all  varieties  tiny  inclusions  of 
augite,  amphibole,  or  magnetite  are  common,  as  well  as  liquid 
inclusions. 

Alter.  The  alteration  of  labradorite  often  results  in 
the  formation  of  a  micaceous  mass ;  at  other  times  it  yields  dipyre 
or  hydrargillite ;  this  mineral  alters  under  some  conditions  to  an 
''RSregate— called  saussurite — composed  of  zoisite,  epidote.  albite. 
often  with  some  tremolite,  and  sometimes  garnet,  rutile.  quartz, 
etc. 

OccL'R.  Labradorite  is  a  common  constituent  of  many 
basic  igneous  rocks,  and  occasionally  is  so  abundant  as  to  fonn 
?,  rock  by  itself  (plagioclasite  or  anorthosite) .     It  is  also  found 
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in  rocks  produced  by  regional  as  well  as  contact  metamorphism. 
Finally,  it  occurs  sparingly  in  meteorites. 
DiAG.    See  the  preceding  tables. 


BYTOWNITE. 


TmcLiNic 


BYTOWNITE. 


Axial  ratio  unknown  AbjAn^  to AbjAn^ 

Phys.  Chaji.  Cryslals  very  rare;  usually  in  microscopic  lamel- 
la or  masses  either  granular  or  cleavable.  Twinning  occurs  according  to 
ihe  albite,  Carlsbad,  Baveno,  and  pericline  laws.  Cleavage  perfect  ||  001, 
less  perfect  ]|  010,  Colorless, 
white,  or  tinted.  H.  =  6.  G. 
=  2728  10  2.747  (2725  to  2747 
artificial  ciystals).  Fusible  to 
a  colorless  glass.  Slowly  sol- 
uble in  acids  leaving  a  residue 
of  gelatinous  silica. 

Opt.  Prop.  The  ex- 
tinction angle  in  001  is  about 
— 18°.  and  in  010  it  is  about 
— 33°.  The  extinction  referred 
to  the  optic  plane  in  a  section 
normal  to  Z  is  about  42°,  and 
in  a  section  normal  in  X  it  is 
about  57°.  The  maximum  an- 
gle of  equal  extinction  in  thi; 
zone  normal  to  010  is  about 
+  43°.  The  acute  bisectrix  is 
negative  except  in  the  most 
acid  varieties  (Ab,An,)  i:^ 
which  it  is  positive.  The  op- 
tic angle  is  sensibly  qo°  in 
the  variety  Ab^An^.  In  sec- 
tions normal  to  Z  the  disper- 
sion o(  the  optic  axes  is  p  > 
;■.  with  weak  inclined  and 
crossed    dispersion    of    the    bi- 


.    Optical  orientation  of  by- 

lownltp  (Ab.An,).  Crystal  limited  by 
001,  010.  and  100.  The  dottea  plane  Is 
Ihe  optlp  plnnp. 


(±)   2^  =  80°  to  90° 

AbjAn,  AbjAn^  Ab,An, 

,.,'^1.578    1.581     i.sBj 

"m='-573  1.5765    1.579 

"p=i-S6^    1-572    I-S74 

»,—  i.j,  =  0.009   O-009    0.009 

Color     grc  en  i  sh- 

whitc,  gray,  colorless.     Luster 

vitreous.       Colorlcsi     in     Ihin 

~ection. 

"»  mmceK  ot  r 
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ANDRTHITE. 


Alteb.    Similar  to  kbradorjie. 

Occur.  Bytownite  is  the  rarest  of  the  plagioclase  feldspars.  It 
occurs  in  basic  igneous  rocks  both  plutonic  and  volcanic,  often  associated 
with  dominant  labradorite  or  anorthite.  It  is  found  also  in  rocks  produced 
by  contact  and  regional  metamorphism.  Finally,  it  is  common,  with 
anorthite,  in  some  meteorites. 

DiAG.    See  the  preceding  tables. 

ANORTHITE. 
Triclinic  a:b:c::  O.6342 :  i :  0.5501  CaAIjSuOt 

a  =  93°  13'  ^  =:  115°  57'  y  =  91°  13' 
Phys.  Char.  Crys- 
tals usually  flattened  |]  010, 
sometimes  about  equidi- 
mensionat  or  elongated  I| 
c,  or  II  b.  But  more  com- 
monly massive,  either  lam- 
ellar or,  more  rai^ly,  gran- 
ular. Twinning  nearly  al- 
ways present  of  the  albite 
type ;  Carlsbad,  peridine, 
and  Baveno  twinning  not 
uncommon,  often  combined 
with  the  first  named.  Cleav- 
age perfect  [|  001,  less  per- 
fect II  010.  H.  —  6.  to 
6.5  G.  =  2.74  to  2.76 
(2.765  artificial  crystals). 
Soluble  in  HCl  with  sepa- 
ration of  gelatinous  silica. 
Fusible  at  5.  to  a  colorless 
glass. 

Opt.  Prop.  A 
plane  perpendicular  to  the 
obtuse  bisectrix  makes  an 
angle  of  about  140°  with 
001,  and  133°  with  oio. 
The  extinction  angle  in 
001  is  — 37°,  and  in  010  it 
is  — ^42°,  while  the  maxi- 
mum angle  of  equal  ex- 
tinction in  the  zone  nor- 
mal to  010  is  -1-56''. 


Fig.  1st.  OpUcal  orientation  ot  ui- 
irthlte  (An).  Crystal  limited  by  Odi. 
iIO.  and  100.    The  dotted  plans  la  thp 

iptic  plane. 
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Other  extinction  angles  are  given  in  the  preceding  tables.    The 
acute  bisectrix  is  negative.     In  sections  normal  to  Z,  the  obtuse 
bisectrix,  the  dispersion  of  the  optic  axes  is  p  >  i;,  with  weak  in- 
cHned  and  crossed  dispersion  of  the  bisectrices. 
(+)  2^  =  75°  to  80° 
H,  =  1.5884    «„  -  1:5837    »,  =  1-5757 

M,  —  »Ip  =  O.OI27 

Color  white,  grayish,  reddish.  Luster  vitreous.  Color- 
less in  thin  section. 

Alter.  Anorthite  alters  to  a  micaceous  mass,  to  scapo- 
lite,  to  zeolites,  to  prehnite,  to  calcite,  epidote  and  quartz,  or  by 
metamorphism  to  saussurite.  Finally,  it  may  alter  to  woUastonite 
(even  completely)  under  conditions  that  are  not  fully  under- 
stood. 

Occur.  It  occurs  in  basic  igneous  rocks  as  an  essential 
constituent,  but  is  not  common  in  isolated  crystals.  It  is  also 
found  in  rocks  produced  either  by  regional  or  contact  metamor- 
phism, and  in  meteorites. 

DiAG.  Anorthite,  of  alt  the  feldspars,  has  the  strongest 
birefringence  and  the  highest  relief.  For  other  means  of  distinc- 
tion see  the  preceding  tables. 

PBRRINATRITE. 

Hexagonal  ':  =  o,553  Na,Fej{SO^), +6HjO 

Phvs.  Chas.  Crystals  acicular,  rare ;  usually  lamellar  radiated 
in  spherical  forms.  Geavage  perfect  ||  lolo,  imperfect  [|  ii3o.  H.^2. 
G.  =  2.s6. 

Opt.  Char.  Uniaxial  and  positive.  Refringence  moderate,  bi- 
refringence strong.  Color  pale  greenish,  pale  grayish,  white;  colorless 
in  thin  section;  ng=1.6i3,  11^  =  1.558;  n,  —  m^  =  o.OSS- 

Occnt.    Found  with  other  sulphates.    Very  rare. 

FISCHERITE. 

Okthorhoubic  orb:.::  10.594:  i:  ?  AIPO^  ■  AI{OH)j, 

Phys.    Chas.     Crystals    small,   prismatic    to  acicular;    scales. 

H.  =  5.    G.  =  2^    Gives  H^O  B.B.    Soluble  in  H^SO,. 

Opt.  Pw»p.    The  optic  plane  is  parallel  to  100;  the  bisectrix 

Z  is  normal  to  001.    Axial  optic  angle  large.    Color  green. 
(+)  aE  =  loe- 18' Na  (2f'  =  6i°si' Na) 

Occur.    Found  in  veins  in  slate,  etc.    Very  rare. 

FLINKITE. 

Obthorhohbic  a:h:c:: 0.413 :  i :  0.739  MnAsO^ ■  2Mn<OH} , 

Phys.  Char.    Crystals  minute,  tabular  1|  001;  in  feathery  ag- 


Cu:,..j.,Co(>t^lc 
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gregatcs.    H.  =  4.-4.5.    G.  =  3.87.    Fuses  easily.    Readily  soluble  in  acids. 

Opt.  Prof.  The  optic  plane  is  parallel  to  001 ;  the  bisectrix  Z 
is  normal  to  100.  Axial  optic  angle  Urge;  dispersion  probably  p'K.v- 
Color  greenish  brown.  Pleoehroistn  distinct.  Z  —  orange  brown,  Y  = 
yellowish  green,  X:=  yellowish  to  Itrownish  green. 

Occur.    Found    in    iron -manganese    mines    in    Sweden.     Very 

SMkiniU  |Mnj<.\sO^)jMn(0H)jl  is  chemically  related  to 
tlinkite.  It  is~  monoclinic  with  a:  6:  r:  :3.003: 1 : 1.515,  and  ^  =  62' 13'- 
H.  =  4.-5.  G.  =  4.18.  Fuses  at  about  4.  Easily  soluble  in  HCl.  Optic 
plane  parallel  to  010;  XAc  =  — 54°-  Optic  angle  about  83°  about  X. 
Birefringence  strong.     Color  rose  red,  reddish  yellow.     Found  with  flink- 

AlUctite  IMnj(AsO^),- Mn(0H)j]  is  another  monoclinic 
basic  arsenate  of  manganese,  with  o:  (>:f  ::o.6i3:  i  :o.334  and  ^  =  84° 
if.  Cr>'5tals  small  prismatic.  Cleavage  distinct  ||  lOi,  indistinct  ||  100. 
H.  =  4.5.  G.  =  3.84.  Nearly  infusible.  Easily  soluble.  Optic  plane  nor- 
mal to  010.  Optic  angle  small;  dispersion  extraordinary.  2H  ^  13' 32' 
Li.  iH-.g'  13'Ka.  2H  =0°  T\.  aH  —  11°  36' CuSO,.  The  bisectrix  is 
in  010  for  red  and  yellow,  and  nonnal  lo  010  for  blue.  XA  f  ^  —  49°  12' 
for  red  and  yelkiw.  Optically — .  Birefringence  strong;  n^  =  17781,1. 
)!„,=  1.786  Na.  Color  brownish  red;  streak  brownish- gray.  Strongly 
pleocbroic.  hyacinth  red  to  olive  green.  Found  in  druses  in  dolomite. 
Verj-  rare. 

Synadelphitt  |2(AI.Mn)A-sO,- sMii(OH)  J  is  a  basic  arsen- 
ate of  manganese  and  aluminum.  It  is  monoclinic,  with  a:  (f :  c::0.858: 
iro.gig.  and  ^  =  go°.  Crystals  prismatic  or  pyramidal.  Also  granular. 
H.  =^  4.5.  G.  =  3.47.  Fuses  easily.  Readily  soluble  in  acids.  Opiii: 
plane  normal  to  010  and  inclined  45°  to  c :  acute  bisectrix  Z  normal  to 
010.  Oplic  angle  small.  Color  brownish  black  to  black.  Feebly  plco- 
cbroic  in  dark  brown  colors.  Found  with  preceding  minerals  and  baritc. 
Verj-  rare. 

Hematolite  [(AI,Mn)AsO^  4Mn(0H)J  is  related  to  syna- 
delpbile.  both  in  composition  and  physical  characters.  It  is  apparently 
rhombohedral,  with  c  =  0-888,  but  on  optical  grounds  it  has  been  referred 
10  the  monoclinic  or  triclinic  system.  Crystals  rhombohedral,  Oeavage 
perfect  l|  ooor.  H.  =  3.5.  0.-3.35,  Infusible-  Readily  soluble.  Optic- 
ally negative  and  uniaxial;  often  biaxial  with  small  optic  angle;  ",= 
[.7J3  (red),  »j^  1,740  (blue).  Color  brownish  red,  garnet  red;  yellow 
to  brown  in  thin  section.     Found  in  cavities  in  dolomite  in  Sweden.    Very 


FLUELLITE. 

Orthohhombic  (i:t:ir::o.77:i:l-88  AIF,  +  H,0 

Phvs.   Char.    Crystals  pyramidal  with  base.     Cleavage  indis' 
tinct  il  in.    If— 3.     C.  =2.17. 
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On.  Prop.    The  optic  plan 
s  normal  to  ooi.    2E  =  ioo°3:. 


9  parallel  toioo;  the  acute  bisec- 
=  1,47.    Colorless  to  white,    Lus- 


OccuB.    Found  in  qiiarlz  with  wavelliti 


ind  torbcrnite.     Vei 


^ 

,m 

j^ 

-'?f- 

010 

,-'' 

^ 

FLUORITE. 

Isometric  CaFj 

Phys.  Char.  Crystals  usually  cubic,  sometiines  octa- 
hedral or  dodecahedral.  Cubic  crystals  sometimes  grouped  in 
parallel  position  producing  skeleton  crystals 
elongated  in  the  direction  of  an  axis  of 
quaternary  or  of  temarj-  symmetry.  Twin- 
ning common  with  the  octahedral  face  the 
twinning  plane:  usually  the  two  individuals 
interpenetrate.  Perfect  octahedral  cleavage. 
Transparent  or  t  r  a  n  s  1  u  c  e  n  t.  H.  —  4. 
G.  =  3.18.     Fusible  with  red  flame  color.  Fig.  i^j. 

Soluble  in  H,SO,  with  evolution  of  HF.        a  "'^fe^'J^^'Wi  torm 

Opt.  Prop.  On  account  of  the  low  index  of  refraction, 
the  n^ative  relief  is  marked.  Fluorite  often  shows  abnomial 
birefringence;  Hiissak  describes  these  crystals  as  composed  of 
orthorhombic  individuals  with  X  perpendicular  to  the  cubic  faces. 
He  regards  the  birefringence  as  secondary  and  ascribes  it  to 
internal  tension ;  it  docs  not  disappear  at  red  heat. 
"=  1-434- 

Color  often  bright :  yellow,  blue,  purple,  white,  green, 
red,  brown.  Streak  white.  Luster  vitreous.  The  color  of  fluorite 
is  not  uniformly  distributed.  It  is  probably  often  due  to  small 
quantities  of  oxides  of  iron  and  manganese ;  but  in  certain  cases 
it  has  been  shown  to  be  due  to  other  impurities,  notably  free 
fluorine  or  hydrocarbons. 

Occur,  Fluorite  is  rarely  found  as  a  primary  constit- 
uent of  igneous  rocks;  in  certain  cases  it  seems  to  have  been 
formed  in  igneous  rocks  through  the  action  of  fumaroles.  Com- 
mon  in  veins  associated  with  quartz  and  barite,  and  also  in  some 
metalliferous  veins.  Finally,  it  is  found  in  sedimentary  and 
metam Orphic  rocks. 

DiAG.  The  crystal  form,  octahedral  cleavage,  very  low 
refringence,  vitreous  luster,  softness,  and  ready  fusibility  are  use- 
ful diagnostics.  Color,  when  present,  is  not  uniformly  distributed. 
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FORSTERITE,   see  olivine  group.     FOUQUfilTE,   see  epidote 
group.    PRANKLINITE,  see  spinel  group. 

FRIEDELITE. 

RhoiooRedral  c  =  0.562  H,(Mna)Mn(SiO^), 

Phys.  Char.  Crystals  usually  hexagonal  tablets.  Also  mas- 
sive, cleavable  to  compact.  Cleavage  perfect  ||  0001.  H.  =  4.-5.  G.  =; 
^xfj.    Easily  fusible  to  a  black  glass.     Soluble  in  HCl. 

Opt.  Pbop.    Uniaxial  and  negative.    Birefringence  strong.    Col- 
or rose  red.     Streak  pink.     In  sections  about  0.5  ■mm.  thick  pleochroic 
with  Z  =  dark  reddish  brown,  X  =  very  pale  yellow. 
OccuB.    Found  in  manganese  mines.     Rare. 

P3To«maUte[  HJ(Fe,Mn)a](Fe,Mn)^{SiOJ  {  is  very  simi- 
lar. It  occurs  in  thick  prismatic  or  tabular  crystals  of  rhombohedral  sym- 
metry with  c  =  o.53i;  also  massive,  Qeavage  perfect  j|  0001.  imperfect 
II  lolo.  G.  =  306-3,19.  Fusible  at  2,  lo  a  black  magnetic  glass.  Gelat- 
iniies  in  HCl.  Uniaxial  and  negative  with  strong  birefringence.  Refrin- 
gence,  n^  1.66.  Color  blackish  green  to  pale  brown,  also  grayish  green. 
Streak  paler.     Luster  pearly.     Found  in  iron  mines  of  Sweden.     Rare. 

OADOLIHITE.    see    dalolite    group,      GAHNITE,    see    spinel 
GALENA. 

ISOMETSIC  PbS 

Phys.  Chab.  Commonly  in  cubes ;  less  often  octahedrons  or 
cubo-octahedrons.  Also  Teticulated,  skeletal,  rarely  stalactitie.  Often 
massive  cleavable,  coarse  or  line.  Rarely  fibrous.  Twinning  on  iii ;  less 
often  on  441,  3(1  or  331,  Cleavage  perfect  ||  100,  H,=2.5.  G.=:7.5. 
Fusible  and  yield?  lead  globule.  Decomposed  by  strong  H^SO^  with 
.  formation  of  lead  sulphate. 

Opt.  Prop,  Opaque.  Color  and  streak  lead  gray.  Luster 
metallic.  Refringence  high,  n  =  3.912.  Polishes  readily:  upon  etching 
the  portion  dissolved   is  often   limited  by  cleavage, planes. 

.Alter.  The  commonest  alteration  product  is  cerussite,  but 
many  others  are  found,  including  pyromorphife,  mimetite,  walfenite,  an- 
glcsitc.  linarite,  minium.  By  partial  removal  of  the  lead  native  sulphur  is 
sometimes  left  along  the  cleavages  of  galena. 

OccUB.  Galena  is  one  of  the  most  widely  distributed  of  the 
metallic  sulphides.  It  is  found  in  quartz  veins  in  rocks  of  all  kinds, 
often  associated  with  ores  of  line,  copper  or  silver ;  it  is  abundant  in 
some  calcite  (or  dolomite)  veins,  and  in  disseminated  deposits  in  sedi- 
mentary rocks  often  associated  with  sphalerite,  pyrite,  marcasite,  and 
various  carbonates.  It  occurs  less  commonly  as  a  product  of  contact 
metamorphism;  as  a  result  of  (he  action  of  hot  springs  upon  ciMns;  and 
as  a  furnace  product. 

Argentite  (Ag„S)  is  isomorphous  with  galena.    Crystals  often 
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distorted;  also  reticulated,  filiform,  massive,  encrusting.  Cleavage  in 
traces  ||  100  and  110.  H.  =  2.5.  G.  ^7.3.  Sectile.  Fusible  with  intu- 
mescence yielding  a  silver  globule.  Soluble  in  HNO^.  Opaque.  Ct^or 
and  streak  blockish  lead  gray.  Luster  metallic.  By  alteration  yields  na- 
tive silver.  Found  chiefly  in  veins  in  rocks  of  all  kinds  often  associated 
with  galena,  and  other  lead  ores;  also  with  copper,  gold,  etc. 

DiAC.  Galena  differs  from  other  sulphides  in  its  perfect  cubic 
cleavage  and  brilliant  luster. 

GANOPHYLLITE. 

MosocLiNic  a:6:*i:::o.4i3: 1:1-831         Mnj(A10)j(SiO,)g -f  6HjO? 

0  =  86' 39' 
CoMP.    According  to  Hamberg  the  formula  should  be  written 
H|jMn.Alj(SiOj)g.     Originally   described  as  a   manganese   zeolite,  but 
Clarke  considers  it  a  hydrated  manganese  phlogopite. 

Phys.  Chai.  Crystals  short  prismatic  with  001  and  on.  Also 
foliated,  niicaceous.  Cleavage  perfect  ||  001.  Percussion  figure  on  cleav- 
age a  six-rayed  star  with  one  ray  ||  010;  the  others  nearly  ||  no  and  iTo. 
H.  ^  4.-4.5.  G.  =  2.84.  Loses  water  at  very  low  temperature  like  thf 
zeolites.     Soluble  in  acids. 

Opt.  Prop.    The  plane  of  the  optic  axes  is  parallel  to  010;  the 
negative  acute  bisectrix   is  normal  to  001.     Refringence  high,  birefrin- 
gence strong.     Oplic  angle  considerable.     Dispersion  p  <  v. 
(— )   2£  =  4i°53'Na    2f  =  33°S2'Na 
n^  =  1.7298    n„  =  1.7287     Hp  =  1.7046 
n,  —  n,  =  0.0252 
Color  brown.     Luster   vitreous,   brilliant.     Pleochroism   distinct 
in  thin  section  with  Z  =  Y  ^  colorless,  X=^  yellowish  brown, 

OccuB.    Found  in  manganese  mines  in  Sweden.    Very  rare. 

Garnet  Group. 

Ptivs.  Char.  The  minerals  of  the  garnet  group  are 
especially  characterized  by  their  isometric  forms,  usually  dodeca- 
hedral,  sometimes  trapezohfdral,  or  these  combined,  or  modified 
by  the  hexactahedron ;  very  rarely  octahedrons  are  found.  Twin- 
ning is  rare.  They  have  no  cleavage,  but  have  an  irregular  frac- 
ture. They  are  often  zonal.  The  color  is  variable,  being  red^ 
brown,  yellow,  white,  green,  black,  the  colors  often  bright.  The 
hardness  is  about  7.  (6.5-7.5).  ^^^  specific  gravity  ranges  from 
3.4.  to  4.3. 

Opt.  Prop.  Garnets  being  isometric  are  normally  and 
most  commonly  isotropic,  but  many  samples  show  anomalous 
double  refraction.  This  fact  has  called  forth  several  elaborate 
studies  of  the  anomaly,  but  its  cause  is  not  yet  fully  determined. 
Klein  aipies  that  the  anisotropic  character  is  not  dependent  upon 
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the  chemical  composition,  but  apparently  upon  the  external  fonti, 
and  he  therefore  considers  it  of  secondary  origin,  perhaps  due  to 
internal  strains.  Mallard,  on  the  other  hand,  urges  that  the 
optical  constants  in  a  given  type  are  constant  in  all  specimens, 
and  concludes  that  the  mineral  must  therefore  be  truly  not  iso- 
metric, but  apparently  orthorhombic,  the  exterior  isometric  form 
being  produced  by  twinning. 

In  all  garnets  having  birefringence  the  crystal  may  be 
considered  to  be  made  up  of  a  number  of  similar  pyramids  whose 
vertices  meet  at  the  center  of  the  crystal.  Some  garnets  may  be 
mechanically  separated  into  parts  corresponding  to  these  pyra- 
mids. 
Several   types  may  be  distinguished,  as   follows : — 

1.  Dodecalietlral  or  pyreneitc  lypc.  In  tliis  type  Ihe  csierior 
form  is  a  dodecahedron,  which  is  tnade  up  of  twelve  rhombic  pyramids 
whose  bases  form  the  dodecahedral  faces.  This  is  the  most  common  type. 
The  optic  plane  in  this  type  is  parallel  to  the  long  diagonal  of  the  rhom- 
bic face,  and  X  is  perpendieiilar  to  this  face.  The  acute  bisectrix  is  posi- 
tive, and  the  axial  angle  is  about  56°.    The  dispersion  is  strong  with  p< 

2.  Hexoctahedral  or  lopazolile  type.  In  this  case  the  exterior 
form  is  a  dodecahedron,  modified  by  vicinal  hexoctahedral  faces,  which 
is  made  up  of  forty-eight  un symmetrical  triangular  pyramids  whose  bases 
form  the  hexoctahedral  faces.  The  optic  plane  makes  an  angle  somewhat 
i-ariable  in  different  samples  (2°  to  17°)  with  the  longdiagonal  of  the 
dodecahedral  face,  while  X  is  also  somewhat  inclined  from  the  perpen- 
dicular to  this  face.    The  aeiile  bisectrix  is  negative. 

3.  Icositetrahedral  or  trapezoliedral  type.  In  this  type  the 
exterior  form  is  a  trapezohedron  (an)  which  is  made  up  of  twenty-four 
pyramids  whose  bases  form  the  trapezoliedral  faces.  The  optic  plane  is 
perpendicular  to  the  symmetrical  diagonal  of  the  trapeiohedral  face  to 
which  the  positive  acute  bisectrix  is  perpendicular. 

4.  Octahedral  type.  This  type  is  known  only  in  octahedral 
garnets  from  the  island  of  Elba,  which  are  composed  of  eight  pyramids 
having  their  summits  at  the  center  of  the  crystal  and  their  bases  parallel 
with  the  faces  of  the  crystal.  Each  pyramid  is  uniaxial,  and  the  negative 
optic  axis  is  perpendicular  to  the  face  of  the  crystal. 

Finally,  more  than  one  of  those  types  are  somenmes  present 
in  a  single  crystal.  Sometimes  the  crystal  is  made  of  zones  or  layers 
which  may  be  mechanically  separated :  one  zone  will  show  one  type  and 
the  next  another  type.  In  some  crystals  also  the  different  types  inter- 
penetrate. Further,  crystals  are  ver>'  often  made  up  of  isotropic  and 
anisotropic  parts  arranged  in  I'arious  ways.  .    . 
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Alter.  Garnets  are  known  to  alter  in  various  ways. 
They  may  change  to  chlorite,  epidote,  limonite,  amphibole,  feld- 
spar, enstatite,  spinel,  biotite,  hypersthene,  calcite,  etc. 

Occur.  Garnet  in  crystals  often  somewhat  rounded  is 
common  in  mica  schist,  hornblende  and  chlorite  schists  and 
^eisses.  It  is  found  also  in  many  plutonic  rocks,  mpre  rarely 
in  volcanic  rocks.  It  is  common  in  crystalline  limestones,  espec- 
ially in  contact  regions.  It  is  sometimes  found  in  iriassive  form 
as  a  very  abundant  constituent  in  certain  rocks,  such  as  garnet 
felsite  and  eclc^ite. 

Di.\r,,  The  crystal  form  of  garnet  is  quite  characteris- 
tic.    In  thill  section  garnets  show  no  cleavage  and  verj'  high  re- 


,_  Fig.  l:!7.     SiTtion  ot  Kornet  Bhowln* 
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lief,  often  accompanied  by  a  shagreen  surface  (due  to  high  re- 
iringcnce  and  hardness) ;  they  are  usually  isotropic  and  often 
pink  in  color.  Andradite,  uvaro^ite  and  grossularite  are  the  only 
garnets  that  sometimes  show  distinct  birefringence;  these  are 
the  calciferous  garnets.  Brcigger  states  that  garnets  formed  di- 
rectly from  an  igneous  magma  as  well  as  those  produced  by  the 
slow  processes  of  regional  metamorphism  are  isotropic,  while 
those  produced  by  hot  solutions  or  by  contact  metamorphism 
often  show  an  apparent  anisotropic  character.  Some  of  the  varj- 
iiig  characters  of  the  garnets  may  be  tabulated  as  follows : — 


^dbyGoOgk' 


OPTICAL  MINERALOGY. 


N.1M 

Optic  char- 
acter 

G. 

Colors 

Andrmdite 

iMtropie  or 
■fliio  tropic 

3-8  to 
4.1 

Fusible  to  black 
maKneticglobnle 

Yellow,  brown 
red,  black. 

Uvuvvite 

botropicor 
aniMtropic 

3.4 

Infusible.    With  borai 
reacts  for  chromium 

Emerald  green 

Grosniluite 

botropicor 
aniaotropic 

3-4  to 
3.6 

Easily  fusible  to  pale 
son -magnetic  globule 

White,  yellow 
DrowD,  rcdt  greeD 

Pjnpc 

botropic 

3.7  to 
3.8 

Difficultly  fusible  to 

black  non-magnetic 

globule 

Red  to  nearly 
black 

Almandite 

Isotropic 

4.1  to 
4.3 

Fusible  to  dark  colored 
magnetic  globule 

Brown,  red, 
black 

Sp«a»8rtite 

Uotiopic  or 

indistinctly 
anisotropic 

3-7  to 
4.3 

Readily   fusible  to 
black  non-magnetic 
globule.    Reacta  for 

Various  shades 
of  red 

Chemically  garnets  are  orthosilicates  of  a  trivalent  and 
bivalent  base  with  the  g:cneral  formula  R^R'jCSiO,),  in  which  R 
may  be  Ca,  Mg,  Fe,  or  Mn  and  R'  may  be  Al,  Fe,  or  Cr.  There 
are  six  theoretical  types  in  the  conibination  of  these  elements, 
but  there  are  many  occurrences  showing  gradations  between  these 
types.     The  classiBcation  follows: — 


Classified  according 
to  bivalent  base. 

J,                 [Chemical              'Classified  according 
composition      '     to  trivalent  base 

Calcium 
garnet 

Andradite            'Ca  Fe  (SiO  )       ,  Iron  garnet 

Uvarovite            Ca^Cr  (SiO  )        Chrome  garnet 

Grossularite 

Ca,Al,(SiO,>,      ; 

Magnesium  garnet 

Pyrope 

Mg„Al^(SiO,),     Aluminum 

Iron  garnet 

Almandite 

Fe,Al,(SiO,).     ]    "^""^^ 

Manganese  garnet 

Spes&artile 

Mn,Alj(SiO^)j    \ 

ANDRADITE.  (HeUnite). 

IsoMCTWC  Ca,Fej(SiOj)  , 

Phys.  Char.  Usually  occurs  in  dodecahedrons  or  trapezohe- 
drons.     No  cleavage.     H.  =  7.     G. ^3.8-4.1. 

Opt.  Prop.  Andradite  usually  shows  birefringence,  though  it 
is  often  indistinct.  The  crystals  may  show  the  dodecahedral  or  hexocta- 
hedrat  type  of  structure,  or  they  may  exhibit  a  combination  of  these  types. 
In  one  case  Lacroix  reports  andradite  of  the  dodecahedral  type  with  an 
optic  angle  of  nearly  90°  about  the  positive  bisectrix.  Often  dark  colwed 
even  in  thin  section,  but  color  varying  in  mass  from  Mack  to  red,  brown, 
greenish  yellow,  yellow. 

n=  1.8467  Li    B  =  1.8566  Na    »i  =  i.86S9Tl 
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Altek.  Andraditt  is  known  to  alter  to  epidote,  limonite,  feld' 
spar,  and  calcit«. 

Occur.  Andradite  is  found  in  nepheline  syenite,  in  some  acid 
igneous  rocks,  in  serpentine,  in  chlorite  and  other  schists,  and  in  crystal- 
line limestones  in  regions  of  contact 

Schorloinite  is  a  variety  of  andradite  rich  in  titanium.  Crys- 
tals trapezohedral  or  dodecahedral ;  usually  massive.  Cleavage  unknown. 
G.  =^  3.81-3.88.  Fusible  at  3.  Gelatinizes  with  HCl.  Isotrt^ic,  or  rarely 
indistinctly  anisotropic.  Color  black,  bluish,  or  brownish.  Streak  grayish 
black.     In  thin  section  translucent  and  dark  brown  to  opaque.     Rare. 

DiAG.    See  page  243. 

UVAROVITE, 

IsoMETSic  CajCr,  (SiO^) , 

Phvs.  Chab.  Crystals  dodecahedral.  No  cleavage.  H.  =  ?■ 
G.  =  3-4- 

Opt.  Prop.  Uvarovite  often  shoiJs  birefringence;  its  structure 
is  the  dodecahedral.  Even  in  thin  section  the  color  is  green,  usually 
rather  dark.    In  mass  it  is  emerald  green. 

n  =  i.83i8Li    tt  =  i.8384Na    n  =  i.8+49Tl 

Alter.  Uvarovite  alters  in  some  cases  to  a  dark  green  chlo' 
rite,  doubtless  containing  chromium. 

OccOK.  Rare.  Found  in  gneiss,  in  serpentine,  and  in  cavitiei 
in  chcomite;  also  in  contact  metamorphosed  limestone. 

DiAC.    See.  page  243- 

GR08SULARITE. 

IsoMETSic  Ca,Al,(Si04),, 

Phys.  Char.  The  dodecahedral  fonii  is  very  common; 
the  trapezohedron  also  occurs,  and  the  hexoctahedron  ts  found 
modifying  these.  Striatitms  are  common  on  the  dodecahedral 
faces.     H.  =  6.5-7.     G.  =  3.4-3.6. 

Opt.  Prop,  Grossularite  is  sometimes  isotropic,  but 
the  variety  Pyreneite  is  always  anisotropic.  It  has  the  dodeca- 
hedral structure,  and  in  each  of  the  constituent  pyramids  the  op- 
tic plane  is  parallel  to  the  long  diagonal  of  the  rhombic  face,  while 
X  is  perpendicular  to  that  face.  The  acute  bisectrix  is  positive. 
The  dispersion  is  strong  with  p  <iv. 

H=  1.7368  Li     n  =  1.7468  Na    «=  1.7593  Tl 
M,— dp  =  0,0027     "i  —  nB,  =  0.0021     «n,  —  »b  =  0.0006 

Color,  white,  gray,  greenish,  yellowish,  brown,  red. 
Colorless  to  yellowish  brown  in  thin  section. 
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Alter.  Grossularite  is  known  to  alter  to  epidote,  chlo- 
rite, feldspar  and  calcite. 

OCCUK.  Grossularite  is  especially  common  in  crystalline 
limestone ;  also  found  in  schists,  in  veins,  and  in  nepheline  syenite. 

DIj\g.    See  page  243. 

PYROPE. 

Isometric  Mg,  A1,{  SiO^ ) ; 

Phys.  Char,  Crystal  form  not  common.  Dodecahedral 
form  is  fomid;  cubic  faces,  so  rare  in  garnets,  are  also  known. 
H.  =  7.-7.5.    G.  =  3.65-3.8. 

Opt,  Prop.  Always  isotropic.  Color  red  of  various 
shades,  rarely  black.     In  thin  section,  red  to  yellowish  brown. 

H  =  i.77:;^Li     »i=:i.8i4rNa     H=i.8288fl 

Alter.  Pyrope  alters  to  a  green  substance  called  kely- 
phite.  This  often  forms  a  crust  about  the  garnet  grains.  Micro- 
scopically it  can  be  seen  that  this  is  not  a  distinct  mineral,  but 
usually  an  inttfrgrowth  of  fibrous  amphibole  and  feldspar.  Py- 
rope also  alters  to  chlorite. 

OcciTR.  Pyrope  is  found  especially  in  peridotites  and 
in  the  serpentines  derived  from  them.  It  is  found  in  the  "blue 
ground"  of  the  diamond  mines  of  South  Africa. 

DiAG.    Sec  page  243. 

ALMANDITE. 

Iso  JiETRic  Fe;,AI,(  SiOj  1 , 

Piiv.s.  Ch.\r.    TJie  common  forms  arc  the  dodecahedron 
and  trapezohedron.    The  faces  are  sometimes  striated.     Dodeca- 
hedral cleavage  or  parting  indistinct.    H.  =  7-7.5.    G,  =:  4.1-4.3. 
Opt.  Prop.    Always  isotropic.    Color  red,  brownish,  vio- 
let ltd.  black.     In  thin  section  brown  to  reddish. 

II  —  1.8052  I,i  .(  =  i,8io(>  Na  11  =  1.8159  Tl 
Alter.  Almandite  alters  readily  to  cJilorite  and  epi- 
dote. Further,  when  subject  to  the  heat  of  enclosing  volcanic 
rocks  it  is  fused  and  on  recrystalUzation  forms  a  green  spinel 
and  liypersthene.  Finally,  alteration  of  almandite  is  also  known 
to  t)iotite,  hornblende,  scapolite,  feldspar,  hematite  and  limonite. 

Occt'R.  Almandite  is  common  in  granulites,  pegina- 
tites.  gneisses,  and  schists.  It  is  also  found  in  amphibolites.  and 
is  an  essential  element  of  eclogite.  It  is  rare  in  granite  and  in 
regions  of  contact  metamorphism.    In  the  mica  schists  it  is  as-i^o- 
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ciated  especially  with  staurolite,  cyanite  and  andaliisite;  in  gran- 
Lilites  it  is  often  associated  with  tourmaline,  sometimes  with  cor- 
dierite. 

DiAG.    See  page  243. 

SPESSARTITE. 

IsoMETOic  MiijAlj  (SiO^) . 

Pkys.   Chab.    The  trapeiohedron  and   dodecahedron  are   the 
coininon  forms.     H.  —  7,     G,  =  3.77-4^27. 

Opt.    Phop.    Usually    isotropic;    sometimes    indistinctly    aniso- 
tropic; it  is  then  said  to  show  ihe  trapeiohedral  type  of  grouping. 
»  =  i.7g4oLi    «  =  i.799iNa 

Color  red  of  various  shades,  or  yellowish  brown ;   in  thin  sec- 
tion pale  pink. 

.Alter     Spessarlite  is  known  to  alter  to  biolite. 

Occur.     It  is   found   in  pegmatites,   in  micaschist,   in   quartzite. 
and  in  lithophyses  in-  rhyolite.     Uncommon. 

Di.\G.    See  page  243. 

GAYLUSSITE. 
MoNOCLCNic  a:b:c::  I.490;  i:  1.444  CaCOjNajCOj  +  sH^O 

^  =  78°  27' 
Phvs.  Char.     Crystals  often  elongated  ||  0;  al.io  wedge-shaped. 
Cleavage  perfect   H    110.  diffieuh    ||   001.     H.  =  2.-3.     0.^1.94.     Fuse; 
easily  to   white  enamel.     Soluble  in  cold  acid   with  effervescence;   partly 
soluble  in  H^O, 

Opt.  Prop.    The  plane  of  the  optic  axes  and  the  acute  bisec- 
trix are  normal  to  oio.     The  obtuse  bisectrix  Z  makes  an  angle  of  14°  48' 
with  the  vertical  axis  in  the  acute  angle  ^  in  red  light,  and  13°  8'  in  blue 
lig'ht.     Optic  angle  considerable.     Crossed  dispersion  strong  with  p'Cv. 
(— )   2E  =  Si°38'Li 
",=  1-5233     «m='-3'S6    "p=i-4435 
n,  — tip -0.0798 
Color  while,  yellowish.     Luster   vitreous.     Colorless  in   section. 
Occur.     Deposited   from   waters   of  certain   saline  lakes.     Rare. 
PirBSonite      (CaCO,  ■  Na„C0,  +  2H„0)    is   related    chemically. 
but     is    orthorhombic    with    a:  (t:  r:  :o.566:  i :  i>3oa.      Crystals    prismatic, 
hemimorphic.     Cleavage  none.     H.  =  3 -3-5.     G.  =  2.,-?S.     Optic  plane  par- 
allel  to  001;  acute  bisectrix  Z  normal  to  010.     Birefringence  very  strong. 
<"  +  >    2£  =  4a''i4'   (zt'  — 32''48'):   nj=i.575i,   n^=i,50()S.   Nj,- r.5043; 
tg  —  «p  =^  0.0708.     Colorless  to  white.     Found  with  gaylussite.     Rare. 

GEDRITE,   see   amphibole  group.     GEHLENITE,   see   mclilitc 
group.     GEIKIELITE,  see  ilmenite  group.     GENTHITE.   see  ser- 


:,z..J.AA)1>^1C 


248  OPTICAL  MINERALOGY. 

GERHARDTITE. 

Orthorhombic  a:b:c::o.g22:  1:1.156  Cu(NOj)j-3Cu(OH)  ^ 

Phys.  Chab.  Crystals  short  pyramids  terminated  by  001 ; 
pyramidal  zone  strongly  striated.  Cle^age  highly  perfect  ||  cmi,  giving 
flexible  lamina;;  imperfect  |[  loo.  H.  =  2.  G.  =  3.43.  Fusible  at  2  giv- 
ing green  flame.     Soluble  in  dilute  acids. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to  010;  the 
negative  acute  bisectrix  is  normal  to  oot.  Optic  angle  large.  Dispersion 
fi  <  r.  zK  i^  76°  20'  Na.  Color  deep  emerald  green.  Streak  light  green. 
Pleochroic  with  Z  blue,  Y  and  X  green. 

OccUH.     Found    with    malachite    in   cuprite    in   Arizona.      Very 


GISMONDITE,  see  zeolite  group. 
GLAUBERITE. 
MoNOCLiNic  a:&:c::i.2ao:i:  \j0a7  NajSO^CaSO^ 

/3  =  67°  49' 
Phvs.  Cbar.    Crysta's  tabular  ||  001,  or  prismatic  with  110  or 
III  prominent.     Cleavage  perfect  ]|  001.    H.  =  2.s-3.    0.^2.7-2.85.    De- 
crepitates and  fuses  easily  to  white  enamel.     Soluble  in  HC1.     Partly  sol- 
uble in  HjO.     Taste  slightly  saline. 

Opt.  Prof.  The  plane  of  the  optic  axes  is  normal  to  010  at 
ordinary  temperatures;  the  negative  acute  bisectrix  makes  an  angle  of 
31°  with  c  in  the  acute  angle  ^.  The  sign  and  the  position  of  X.  Y,  and 
Z  remain  sensibly  constant,  but  the  optic  axes  change  position  quite  rapid- 
ly with  change  of  temperature.  At  s°C.  the  optic  plane  is  normal  to  010 
for  all  colors,  while  at  85''C.  the  optic  plane  is  parallel  to  010  for  all  col- 
ors. At  the  same  time  the  dispersion  changes  from  horizontal  with  p  >  f 
to  inclined  p  <  v.  The  dispersion  is  very  strong,  giving  abnormal  inter- 
ference figures  in  white  hght. 

C-)2£^^0*'-17° 


AtS-'C       Z2^C,    ' 

36°C. 

46°C. 

58"a         85°C, 

Red  light 

2£=  16°   6'      13°  30' 

11°    1' 

8=40' 

0°           10°  47' 

Yellow 

2E=  14°    8'      11"    8' 

go     5. 

0° 

r  U'      13°  14' 

Green 

2E=  11°  42'       8°  14' 

0° 

70     g. 

10°  32'     15'  IS' 

Blue 

2F=    8°  51'    O'C.tlS"; 

8°  42' 

11°    8' 

13°  2'     17°    7' 

Color  pale  yellow  or  gray 

;  somel 

mes  brick 

red.     Colorless   in 

Alter,    Alteration  to  calcite  has  been  observed. 
Occur.    Usually  in  lake  deposits  associated  with  halite,  poly- 
halite,  anhydrite,  thenardite,  etc. 

GLAUCOCHROITE,  see  olivine  group. 

GLAUCONITE. 

MoNoCLiNic?  Axial  ratio  unknown 

CoMp.    The  exact  composition  is 
lyzed  js. usually  impure  and  results  of  analy; 


Cu:,..J.,C0(>^^[c 
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Fhvs.  Chab.  Usually  in  granulra,  rarely  as  large  as  ai  nun. 
Granules  long  supposed  to  be  amorphous;  when  much  magnified  crystal- 
line character  is  evident;  the  srains  are  composed  of  interwoven  lamiiue. 
Qeavage  distinct  ||  001.  Cleavage  lines  often  wavy.  H.  =  3.  G.  =  2.a- 
2.8.     Easily  fusible  to  a  black  glass. 

Oft.  Pbop,  TTie  negative  acute  bisectrix  is  nearly  normal  to 
the  cleavage  001.  The  optic  angle  is  sometimes  practically  o*,  but  usually 
larger. 

(— )  aE  =  3O°-40'' 

n  =  i.6i 
Hj  — dp  =  0.020  about 

Color  olive  green,  blackish  green;  by  alteration  becomes  yellow 
to  brownish.  In  thin  section  greenish,  sometimes  pleochroic,  green  to 
pale  yellow,  with  maximum  absorption  when  the  cleavage  kmime  are 
parallel  with  the  lower  nicol.' 

OccuB.  Glauconiie  is  found  only  in  marine  sedimentary  rocks. 
It  is  always  associated  with  clastic  elements,  especially  feldspar,  quartz, 
muscovite,  etc.  It  is  being  formed  at  present  on  the  ocean  bottoms  at 
depths  of  about  600  to  5000  feet.  It  is  usually  intimately  associated  with 
animal  remains,  but  less  commonly  it  fonns  away  from  such  organisms. 
It  is  often  in  grains  of  snbmicroscopic  size,  serving  as  a  pigment  of  other 
minerals. 

Celadonite  is  a  mineral  of  similar  composition  of  earthy  as- 
pect. Microscopically  it  is  lamellar  or  fibrous.  Cleavage  perfect,  as  in 
micas.  Very  soft  with  greasy  feel.  G.  ^=2.6.  Optically  like  glauconite; 
the  optic  angle  is  small,  the  sign  is  negative.  Refringence  moderate,  «=; 
1.63.  Color  olive  to  apple  green.  In  thin  section  pleochroic,  with  Z  and 
Y  dark  green,  X  lighter  green  with  yellowish  tint.  It  is  always  a  product 
of  alteration ;   found  in  cavities  in   volcanic  and  metamorphic  rocks. 

DiAc,  The  cryptocrystalline  texture  of  the  rounded  grains  is 
quite  characteristic;  celadonite  is  lamellar  or  fibrous. 

GLAUCOPHANE,    see    amphibole    group.      GMBLINITE,    see 
zeolite  group.    GOETJIITE,  see  diaspore  group. 

GOLD. 

Isometric  Au 

CoMP.  Usually  alloyed  with  more  or  less  Ag;  sometimes  also 
small  amounts  of  Cu,  Fe. 

Phys.  Char,  Crystals  octahedrons,  dodecahedrons,  or  modi- 
fied. Often  elongated  fihform,  arborescent,  reticulated.  Granular,  1am- 
mellar,  massive.  Twinning  on  iir.  Cleavage  none.  Highly  malleable. 
H.  =2.5-3.    0,^^15.6-19.3.     Easily  fusible.     Soluble  in  aqua  regia. 

Opt.  Prop.  Color  and  streak  gold  yellow  grading  to  silver 
white  with  increase  of  silver.  The  presence  of  copper  gives  an  orange 
tint  to  the  color.  Luster  metallic  Opaque  in  thin  section,  but  may  be 
beaten  into  films  which  transmit  a  greenish  light. 

Occur.    Found  especially  in  quartz  veins  in  igneous  and  meta- 


:,z..J.AA)1>^1C 


250  OPTICAL  MINERALOGY. 

morphic  rocks;  also  found  in  caleite  veins,  and  in  various  other  types. 
Very  sparingly  {ound  in  rocks  away  from  veins,  as  in  serpentine.  Abun- 
dant in  some  water-sorted  gravels  and  conglomerates,  boih  recent  and 
ancient.  Associated  especially  with  pyrite,  also,  less  commonly,  with  chal- 
copyrite,  galena,  sphalerite,  etc. 

Silver  (Ag)  is  also  isometric.  Crystals  like  gold.  No  cleav- 
age. H.  =  2.5-3.  G.  =  io-S,  Easily  fusible.  Soluble  in  HNO^.  Color 
and  streak  silver  white.  Luster  metallic.  Opaque,  Found  in  veins  in 
igneous  and  metamorphic  rocks.  Very  rarely  found  disseminated  in  igneous 
rocks.  Often  associated  with  native  copper,  galena,  chalcocite,  cerargy- 
rite,  etc.     Refringence  very  high  (n  — 3.37?)- 

Copper  (Cu)  is  also  isometric.  Crystals  octahedral,  dodeca- 
liedra!,  cubic,  very  often  modified  by  tetrahexahedrons.  Often  arbores- 
cent, filiform,  etc.  Massive.  Twinning  on  lit  common.  Complex  group- 
ing of  crystals.  No  cleavage.  H.  —  2.5-3.  G.  —  8,84.  Easily  fusible. 
Soluble  in  HNO  .  Color  copper  red.  Streak  metallic  shining.  Luster 
metaiiic.  Opaque.  Alters  to  cuprite,  malachite,  rarely  azurite.  Found  in 
veins  in  all  kinds  of  rocks,  also  in  amygdaloidal  cavities,  often  associated 
with  calcitc,  zeolites,  etc.,  and  somewhat  disseminated  in  wall  rocks,  and 
ill  sedimentary  rocks,  especially  sandstone.  Refringence  very  high  («=■- 
2.g3?t. 

DiAG.  The  color  alone  is  commonly  distinctive  for  these  met- 
als. Further,  gold  is  soluble  only  in  aqua  regia,  and  is  soft  and  malleable ; 
silver  has  no  cleavage  and  tarnishes  easily ;  copper  has  darker  color,  no 
cleavage,  and  is  quite  malleable. 

GOSLARITE,  see  epsomite  group, 

GRANDIDIERITE. 

Orth.  Axial  ratio  unknown  (Na,H)^CMg,Fe>,{AI,Fe)jjSi,0,„ 

Phvs.  Chab.  Crystal  faces  unknown.  Has  two  unequal  cleav- 
ages II   loo  and  010.     G.  —  2.99.     Infusible  and  insoluble. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to  001  ;  the 
negative  acute  bisectrix  is  perpendicular  to  100.  The  dispersion  p<!,v  is 
very  strong. 

<-)  2^  =  30° 
Hj  =  1.6385    "n,  —  16360    Hj  =  1.6018 
.r^-H„=  0,036? 
Color  greenish  blue.     Luster  vitreous.     The  pleochroism  is  ex- 
tremely intense  with  X  >  Z  >  Y. 

Z  =  pale  bluish  green 
Y  =  colorless 
X  =  greenish  blue 
Alter.     Alters   readily    to   a   green   fibrous   mineral    similar    to 
the  alteration  product   {kryplolilc)   of  prismatine. 

OcctjR.  Found  in  pegmatite  and  aplitc  of  Madagascar  with 
quart  7.  on  hod  a  se  and  almandite. 


^dbyGoogk' 
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AG.    Distinguished  by  its  pleochroisni  resulting  in  deep  ci<l- 
to  elongation  and  no  color  parallel  to  the  elongation. 

GRAPHITE. 

Hexagonal  e  =  1.3859  C 

Phys,  Ck.\r.  Crystals  are  rare;  they  arc  usually  rounded 
hexagonal  lamellx.  Usually  found  in  concentric  foliated  masses.  Some- 
times earthy  and  only  cry ptocry stall ine.  Perfect  basal  cleavage  0001 ; 
cleavage  lamina  are  flexible  and  not  elastic.  H.  =  1.-2.  Greasy  feel.  G. — 
Z.I-Z.2.     Infusible:  deflagrates  with  KNO,.     Insoluble. 

Opt.  Pboi".  Color  and  streak  black.  Luster  metallic.  Opaque 
even  in  very  thin  sections. 

Occur.  Graphite  is  found  in  small  amount  in  many  igneou-i 
rocks;  also  sometimes  in  greater  quantity  in  gneisses  and  schists.  It  is 
also  found  in'  contact  rocks,  in  ordinary  sedimentary  rocks,  in  beds  of  coal 
that  have  been  subject  to  metamorphism,  and  in  meteorites. 

Di.\G.  Graphite  deflagrates  in  a  platinum  spoon  with  nitre, 
producing  potassium  carbonate.  Molybdenite  resembles  graphite  in  ex- 
terior characters,  but  it  is  fusible,  giving  sulphur  coatings ;  it  is  attacked 
by  nitric  acid ;  it  docs  not  deflagrate,  and  it  has  a  streak  slightly  greenish 
instead  of  black. 

GREENALITK 

.Vmorphocs  ^*SiO,  -I-  nH„0? 

CoMP,  The  exact  composition  is  in  doubt,  since  pure  material 
is  not  available  for  analysis.  Ferric  iron  is  often  present,  sometimes  In 
important  amount.  Mg  conmionly  replaces  a  little  Fe.  Chemically,  green- 
alite  is  closely  related  to  glauconite,  and  to  cronslcdtite,  chamosite,  berth- 

Phvs.  Char.  Unknown  except  in  amorphous  state,  and  always 
in  gramiles.    G.  =  2.8  +.    Soluble  in  HCl. 

Opt.  Prop.  Amorphous  and  isotropic.  Color  green,  sometimes 
yellowish  or  brownish  from  alteration.  In  thin  section  green,  brownish 
green,  greenish  yellow,  brown,  black ;  in  reflected  light  green  and  yellow 
granules  appear  dark  green  or  yellow ;  brown  and  black  gramiles  appear 
light  green. 

Occur.  Abundant  in  the  Lake  Superior  regions  in  cherts ;  on 
the  Mtsabi  range  the  chief  constituent  of  a  rock  called  taconyte.  Formed 
artificially  by  combining  solutions  of  ferrous  chloride  and  sodium  silicate. 

Chamoaite  is  a  chloritic  mineral  with  zE  very  small  about  X, 
and  «,  —  lip  — 0.010  to  0.012.  The  pleochroism  is  weak  with  Z  =:  Y  pale 
green,  X  yellowish  or  colorless.  Found  in  sedimentary  rocks  where  it 
inay  constitute  an  iron  ore, 

QREENOCKITE,  see  cinnabar  group.     GR08SULARITE.   see 
garnet   group.     QRUENERITE,   see  amphibole  group. 
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CaSO.  +  2H,0 


GYPSUM 


GYPSUM. 

MoNOCLiNic  o:&:c::o.6899: 1:0.4124 

/?  —  80°  42' 

Phvs.  Chab.  Cr>stals  usually  simple  in  habit,  com- 
monly flattened  ||  010;  less  commonly  prismatic  to  acicular  ||  c. 
Also  foliated  in  masses  or  granular  massive.  Twinning  common 
with  twinning  plane  [  |  100  usually  in  contact  twins  of  arrow-head 
shape.  Twinning  sometimes  polysynthetic.  Cleavage  perfect  || 
010,  imperfect  ] I  looandiii.  H.  —  2.  G- =  2.31-2.33.  Fusible 
at  2.5-3,  with'  reddish  yellow  flame  color.  Gives  water  in  the 
closed  tube.    Soluble  in  HQ.    Somewhat  soluble  in  H,0. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  paral- 
lel  to  010  at   ordinary   temperatures.     The   acute   bisectrix   Z 

makes  an  angle  of  52°  30'  with  c  in  the 

obtuse  angle  /J.    The  angle  of  the  optic 

axes  varies  with  the  temperature.     The 

angle  2E  is  about  95°  at  20''C. ;  at  115° 

C.  it  becomes  0°,  and  at  a  higher  tem- 
perature the  optic  axes  open  out  in  a 

plane   normal   to  010.     As  this  change 

occurs  it  is  accompanied  by  a  change  in 

the  dispersion,  which  is  p>t/with  strong 

inclined  dispersion  of  the  bisectrices  at 

ij^C,  but  at  r20°C.  it  is  p<v  with  hori- 
zontal    dispersion     of     the     bisectrices. 

Colorless. 

(+)  2r=58°  {2E^.c,f) 

«,=  1.5296     «„,  =  1.5227     «,  —  1.5204 

Uf Hp  —  0.0092 

Occur.  Gypsum  occurs  in  ex- 
tensive masses  in  sedimentary  rocks,  es- 
pecially limestones.  It  is  often  associ- 
ated with  halite  as  a  product  of  evaporation  of  salt  lakes,  estua- 
ries, etc.  It  is  also  foimd  about  volcanoes,  the  gases  of  the  fuma- 
roles  reacting  with  the  lime  of  lavas  or  other  rocks  to  produce  it. 
It  is  produced  by  the  decomposition  of  sulphides,  such  as  pyrite. 
in  the  pre-sence  of  lime.    It  occurs  occasionally  in  igneous  rocks. 

DiAG.  Refringence  low,  birefringence  rather  weak,  dis- 
persion strong,  one  perfect  cleavage,  two  imperfect  cleavages, 
biaxial,  positive. 


FlB.  128. 

Optical    orlenU"' 
gypBum. 
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HAIDINGERITE,  see  pharmacolite. 
HAUTE. 

ht-METRlC  NaO 

Phvs.  Chab.  Crystals  usually  cubic.  Massive  cleavable  to 
compact.  Cleavage  perfect  |[  100.  Percussion  tigure  on  100  with  rays 
larallel  to  the  binary  axes  of  symmetry.  H.  =  2.5.  G,  ;=2.i4.  Easily 
fusible,  often  with  decrepitation.     Soluble  in  H^O;  taste  saline. 

Opt.  Pkof.  Usually  isotropic;  sometimes  slightly  anisotropic. 
Kefringenee  low;  «=  1.3442.  Colorless,  white,  yellowish,  reddish,  bluish. 
The  red  color  is  due  to  the  ferruginous  inclusions,  the  blue  color  also 
-■rems  to  be  due  to  inclusions  of  an  iron  compound.    Luster  vitreous. 

IscL.  Besides  iron  compounds,  inclusions  of  gypsum,  anhy- 
'Iriit.  shale  r:re  common.  Further,  liquid  inclusions  often  in  "negative 
crjitals''  are  not  rare ;  Ihey  often  contain  gas  bubbles,  which  may  be  mov- 
able.    Such  inclusions  are  sometimes  megascopic  in  size. 

Occur.    Found  chiefly   in   sedimentary    deposits    formed   from 
oaporalion  in  estuaries  or  in  salt  lakes.    Occurs  in  rocks  of  various  ages  . 
associated    wih   gypsum,   anhydrite,   polyhalite,   camallite,   glauberite,   etc. 
Formed  rarely  about  volcanoes. 

Sylvite  (KCl)  is  similar  in  form  and  cleavage,  H. -=2.  G.  = 
i.gS.  Fuses  with  violet  flame  color.  Soluble  in  H^O;  taste  saline.  Optic- 
ally like  hahte,  but  n=  1.4903.  Colorless,  white  or  tinted  by  inclusions. 
Luster  vitreous.  Found  in  salt  lake  deposits  with  halite  and  camallite; 
also  formed  about  volcanoes. 

Salmiac  (NH^Cl)  is  alstf  isometric;  twinning  on  iii.  Stalac- 
litic.  globular,  efflorescent.  Cleavage  imperfect  ||  iii.  H.^i.S-2.  G.= 
1.528.  Sublimes  without  fusion.  Soluble  in  H^O.  Isotropic  Refrin- 
Scnce  moderate,  n  =^  1.6422.  Color  white,  yellowish,  grayish.  Luster  vit- 
reous.    Found  about  volcanoes,  near  ignited  coal  seams,  and  in  guano. 

Cerargyritt  (AgCI)  is  another  isometric  haloid.  It  grades 
into  varieties  containing  bromine  {embotiU,  Ag(CI,Br)  and  bromyrile, 
.\gBr]  and  iodine  [iodembolite,  AgCa.Br.I)].  Crystals  cubic  in  habit. 
Twinning  on  iii.  Usually  massive,  encrusting.  Cleavage  none.  H.  = 
1.-2.  G.  =  5,4-6.  Insoluble  in  HNO,;  soluble  in  NH,OH.  Isotropic. 
Refringence  very  high,  n^  2,0611,  increasing  in  bromyrite  to  n  =  2,2533. 
Color  (cerargyrilc)  pearl  gray,  grayish  green,  whitisli  to  colorless,  turn- 
ing to  violet  brown  when  exposed  to  sunlight;  (embolite)  grayish  green 
and  asparagus  green  to  yellowish  green,  or  yellow,  turning  dark  on  ex- 
posure; (bromyrite)  yellow  to  amber  yellow,  slightly  greenish  especially 
fxlernally,  liltle  altered  on  exposure;  (iodembolite)  sulphur  yellow,  some- 
limes  greenish.  Luster  resinous.  Found  chiefly  in  veins  in  the  oxydized 
?one,  witli  other  silver  ores  and  with  ores  of  copper,  lead,  etc. 


HAMBERGITE. 


a:  b:c: ■.0.799:1:0.727  Bej(OH)B03 

Crystals  prismatic,  vertically  striated.    Cleavag; 
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perfect  ||  oio,  imperfect  \\  too.    H.=7-S.    G.  —  2.35-    Infusible,  bin  sub- 
ject lo  decrepitalion.     Insoluble,  except  in  HF. 

Opt.  Prof.  The  plane  of  the  optic  axes  is  parallel  to  010:  the 
positive  acute  bisectrix  is  normal  to  001.  Birefringence  very  strong.  Op- 
tic angle  large;  dispersion  weak  p>v. 

(-)-)   2^  =  87"  7' Na   (2W,  =  95°42'Na) 
n,=  i.63ii    n„=i.5908    h,  =  i.S59S 
n,-«^  =  0.0716 
Color  grayish  white.     Luster   vilreous. 
Occur.     Foimd   in  a  pegmatilic  vein   in    Norway.     Very   rare. 

HANKSITE. 

Hexacon.il  c  =  1.014  gNa^SOj '  zNajCO^  ■  KCl 

Phvs,  Char.  Crystals  short  prisms  with  pyramid  and  base, 
sometimes  tabular.  Cleavage  distinct  1|  0001.  H.  =  3.-3.5.  G.  =  2.56. 
Fuses  easily.    Effervesces  with  acids.     Soluble  in  H^O;  taste  saline.' 

Opt.  Prop.  Uniaxial  and  negative.  Refringence  low ;  bire- 
fringence moderate. 

Hg  =  1.4807       lip  =  I.4614 
".—  "p^  0.0193 

Color  while,  slightly  yellowish.     Luster  vitreous. 
Occi'B,     Found   wilh   halite,  thenardite,  glauberite,  etc.   in   Cali- 
fornia.    Rare. 

HARDYSTONITE. 

Tetragonal  c=-  ':  CajZnSijO. 

Phvs.  Char.  Crystals  imknown;  in  granular  masses;  cleavage- 
good  II  cot.  sometimes  distinct  ||  lOO  and  no.  H.  =  3-4-  G.  =  3,4.  Fuses 
wilh  difficulty.    Gelatinize';  with  HCI. 

OiT.  Prop.  Uniaxial  and  negative.  Refringence  high.  Color 
white. 

.i,^i.66qi     np=  1.6568 

'  ",  — -1^=0.0123 

Occur.  Found  at  Franklin  Furnace  with  willemite.  rhodonite. 
and  franklinite.    Rare. 

HARHOTOHE,  s^fc  zeolite  group. 

HARSTIGITE. 

0.715;  i:iai5  Hj(Ca,Mn),^A!j(SiO,),„ 

:   formula  is   imcerlain ;   Mg  present  in   small 

Phvs.  Char.  Crystals  prismatic,  with  010  and  oil  prominent. 
Cleavage  unknown.  H.  =  5.5,  G.  ;=  3.05.  After  ignition  easily  soluble 
in  HCI. 

Oft.  Prop.  The  optic  plane  is  parallel  to  010;  the  acute  bisec- 
trix Z  is  normal  to  100.  Refringence  high ;  birefringence  weak.  Optic 
angle  large ;  dispersion  p<Cv,  weak. 
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M,— 1.6831    nj,  =  i.6782 
n,—  n  J,  =  0.0049 
Colorless,     Luster  vitreous. 
OccuB.    Found  in  veins  with  garnet  and  rhodonite.    Very  rare. 

HATCHETTOLITE,  see  pyrochlore  group.  HAUTEFEUIL- 
LITE,  sec  vivianite.  HAUYNITE,  see  sodalite  group,  HEDEN- 
BERGITE,  see  pyroxene  group. 

HEINTZITE. 

.MosociiNic  a:b:c::  2.9M :  1 :  1734  KMg^BjO,,  +  8HjO: 

^  =  80°  12' 

Phvs.  Ch.vh.  Crystals  pyramidal:  often  hemimorphic.  Cleav- 
age perfect  ||  too  and  001.  H,  =  4,-5.  G.  =  2.i3.  Very  easily  fusible 
with  intense  green  flame  color.    Soluble  in  acids. 

Opt.  Prop.  The  optic  plane  and  obtuse  bisectrix  X  are  normal 
to  010,  The  extinction  in  oio  is  7°  to  15°  from  one  of  the  cleavages  in 
the  acute  angle  ^,     2H  =  104°  27'  Na.     Colorless  to  white. 

Occur.    Found  iit  salt  deposits  with  boracite.     Very  rare. 

HELLANDITE. 

MovocMNtC  (i:6:f::2.0646:  1:2,1507  Ca[(.'\l.Y.Er,Fe)OHl^Si„0^ 

^  =  109°  45' 

Phys.  Char,  Crystals  sometimes  tabular  ||  Oio;  twinning  on 
001  common.  H.  =  5,5,  when  unaltered,  G.  =  3.35-3.70.  Soluble  in  HCI. 
Fusible  easily. 

Opt.  Prop.  The  optic  plane  is  normal  to  010;  Z  makes  an 
angle  of  431^°  with  c  in  the  acute  angle  p.  Twinning  bands  parallel  to 
too  are  very  common.  Birefringence  weak,  and  disappears  gradually  upon 
alteration;  at  the  same  time  the  angle  Z  Ac  slowly  decreases.  Optic  angle 
large :  apparently  positive. 

(-)-)   2f  =  8o°± 

Colorless  to  pale  reddish  brown  in  thin  section  without  pleo- 
chroism. 

OccL'R,  Found  iji  pegmatite  dike^.  with  tourmaline,  titanite, 
phcnacitc,  thorite,  and  allanite.    Very  rare. 

HELVITE. 

Isometric  (Mu.Fc)(MnjS)Be,(SiO,)., 

Pkys,  Char.  Commonly  in  tetrahedral  crystals;  rarely  dodec- 
ahedral.  .\\%o  in  spherical  masses.  Cleavage  ||  iii  in  traces.  H.  =  &- 
6,5.  G.  =3,16-3.36.  Fuses  at  3.  with  intumescence  to  yellowish  brown 
opaque  bead.  Soluble  in  HCI  with  separation  of  gelatinous  silica  and 
evolution  of  hydrogen  sulphide. 

Opt,   Prop.     The   mineral   is   nionorefriiigent. 
"  —  1.739 
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Color  honey  yellow,  brownish,  greenish,  reddish;  in  thin  sec- 
tion yellowish,  often  in  trianETular  sections  with  irregular  fracture  and 
high  relief. 

OccuB.  Found  in  nepheline  syenite,  in  pegmatite  veins,  in 
syenite,  and  in  certain  gneisses. 

Duulite  varies  from  helvite  in  containing  some  zinc.  Color 
flesh-red  to  gray.    Paler  in  color  in  section.    Isotropic.    Rare.    Found  in 

DiAC.  Monorefringence.  high  relief  and  triangular  sections  are 
quite  characteristic.     Chemically  may  be  tested  for  manganese  and  sulphur. 

HBHAFIBRITE. 

Ohthokhombic  o:6:c;:o,526:  i;  1.151  Mnj(OH)jAsO^ -f- H^O 

Phvs.  Chab.  Crystals  prismatic,  often  fibrous  radiated.  Cleav- 
age distinct  II  010,  less  distinct  ||  no.  H.  =  3.  G.=:3.6.  Easily  fusible. 
Soluble  in  HCl. 

Opt.   Psop.    The  optic  plane  is  parallel   to    100;  the  positive 
acute  bisectrix  is  normal  to  OOi.     Optic  angle  large;  dispersion  p>t', 
(-I-)   2E  =  70°± 

Color  brownish  red  to  black.  Streak  brick  red.  Luster  vit- 
reous to  greasy. 

Occur.  Found  in  manganese  mines  in  Sweden.  Alters  easily 
to  a  black  foliated  mineral.    Very  rare. 

HEMATITE. 

Rhombohedral  c—  1.35914  FCjOa 

Phys.  Ch.^b.  Found  in  crystals  of  varied  habit ;  rhom- 
bohedral faces  usually  prominent  with  or  without  the  base.  Also 
lamellar,  columnar,  fibrous,  oolitic,  granu- 
lar, compact,  or  earthy.  No  cleavage,  but 
sometimes  parting  ||  oooi,  or  loii,  the  lat- 
ter due  to  polysynthetic  twinning.  H.  =; 
5.5-6.5.      G.  =  4-9-5-3-      Infusible   but   be-  ^^  ^,j, 

comes  magnetic  in  reducing  flame.    Soluble  a  sympip 

in  HQ.  """  "     ' 

Opt.  Prop.  Uniaxial  and  negative.  The  refriiigence  ' 
is  very  high  and  the  birefringence  very  strong. 

«g  =  3.042      Hp  =  2.797 
M«  —  Wp  =  0-245 

Color  of  crystals  steel  gray  to  iron  black  with  good  to 
brilliant  luster.    Earthy  varieties  red.     Streak  red.     Opaque  ex- 

'  FdrstPrlliiK  |\.  J.  I 
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cept  in  very  thin  scales  which  are  blood  red  and  slightly  pleo- 
chroic,  as  follows: — Z  brownish  red,  X  yellowish  red. 

."U-TER,  Hematite  is  a  common  alteration  product,  but  it 
may  itself  alter  to  magnetite,  siderite,  limonite,  pyrite,  etc. 

Occur.  Hematite  often  occurs  as  microscopic  inclu- 
sions and  alteration  products  in  many  minerals  and  rocks,  color- 
ing them  red.  It  is  also  found  as  a  product  of  fumaroles  in  large 
crystals  in  eruptive  rocks.  It  occurs  as  a  product  of  contact 
metaraorphism,  and  in  various  crystalline  schists.  It  is  common 
in  many  mineral,  as  well  as  in  metalliferous,  veins.  Finally,  it 
is  very  abundant  in  some  ordinary  sedimentary  rocks.  It  is  one 
of  the  most  widely  disseminated  of  minerals. 

DiAG.  Distinguished  from  magnetite  and  ilmenite  by 
the  deep  red  color  of  thin  scales  or  of  powder.  Cinnabar  has  the 
color  of  massive  hematite,  but  it  has  perfect  hexagonal  prismatic 
cleavage,  is  positive,  and  is  of  very  restricted  occurrence.  More- 
over, it  has  much  higher  Specific  gravity  {8.-8.2)  than  hematite. 

HEMATOLITE,  see  fltnkite.     HERCYNITE,  see  spinel  group. 
HERDERITE. 
MoNOcUNic  o:  6:  c:  :a6307: 1 : 0.4274  [Ca(F,OH)]BePO^ 

,9  =  89°  54' 
Phvs.   Chak.     Crystals   often   somewhat   elongated    ||   a,   some- 
times monoclinic  in  habit,  but  commonly  pseudo-orlhorhombic  l^  pene- 
tration twinning  on  ooi.     Cleavage  ||  no  in  traces.     H.  =  5.     G,  =  2.9C)- 
3.01.     Fuses  with  difficulty,  phosphorescing.     Soluble  in  acids. 

Opt.  Prop.    The  plane  of  the  optic  axes  is  parallel  to  010,  and 
the  negative  acute  tnsectrix  X  makes  an  angle  of  about  -1-3°   with  a. 
Optic  angle  large;  axial  dispersion  p>r;  iiwlinod  dispersion  distinct 
(— )  af  =  68°-74''   (2E  =  121°-I38°) 
ti,  =  1.631    i»„  =  1.612    n„  =  1.592 

Color  yellowish  t 
in  thin  section. 

Occtnt.    Found  in  veins  in  granite;  very  rare. 

DiAC.    Distinguished  from  topaz  by  strong  birefringence. 

HERRENGRUNDITE,  see  brochantite.  HEULANDITE,  see 
zeolite  group.  HIORTDAHLITE,  sec  pyroxene  sroup.  HOMI- 
LITE,  see  datolite  group. 


Orthorrombic  a:fr;c::o.S78:  1:0.476  Zn,(PO^)j -|-4H  O 

Phys.  Char.    Crystals  minute  prismatic,  or  in  aggregates  of 

tabular  (||  100)  to  fibrous  forms,  the  latter  divergent    Also  in  reniform 
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masses.    Cleavage  perfect  U  loo,  less  perfect  ||  Oio,  and  poor  ||  ooi.   H.  = 
2.5-3.  G.  =^3.0-3.1.  Fuses  at  about  s  to  colorless  gl<^ule.   Soluble  in  acids. 

Opt.  Pkop.  The  optic  plane  is  parallel  to  001 ;  the  acute  bisec- 
trix X  is  normal  to  oio.  Birefringence  strong.  Optic  angle  large;  dis- 
persion f>  <  f  weak.  Sometimes  apparently  uniaxial  by  superposilicm  of 
laminae. 

(-)  2E  =  s&' 30'  (2F  =  36''±)- 
«„  =  1.58-1.60 

Color  grayish  white,  reddisb  brown.  Colorless  in  section. 
^-Hopeite  differs  from  a-hopeite  (described  above)  in  its  weak' 
er  birefringence,  and  the  variable  position  of  the  optic  plane,  cither  parallel 
or  normal  to  001.  Also,  the  optic  angle  (aE)  is  only  32°  in  the  former 
position,  and  ao°  in  the  latter.  Chemically  the  tv^o  varieties  have  the  same 
formula,  but  the  curves  showing  the  loss  of  water  upon  heating  are  dif- 
ferent. 

Parahopeite  is  a  name  proposed  for  a  triclinic  phosphate  of 
the  same  composition  as  hopeite.  Crystals  are  lamellar  to  tabular  ||  100. 
Multiple  twinning  on  100  common.  Cleavage  perfect  [|  010.  H.  =  3.5-4. 
G.  =  3.31.  Soluble  in  HCI.  Easily  fusible.  Optic  plane  and  one  optic 
axis  nearly  normal  to  010,  in  which  the  extinction  angle  measured  on  e 
varies  from  o"  to  25°.  Extinction  angle  on  e  in  100  is  30°.  The  obtuse 
bisectrix  X  is  approximately  normal  to  loa  Refringence.  n  =  1.62.  Bi- 
refringence rather  strong.  Colorless.  Found  in  cellular  timonite  in  zinc 
deposits  in  Rhodesia. 

Occur.  Hopeite  is  found  in  cavities  in  calamine  in  zinc  mines, 
and  on  bones  in  caves.    Very  rare. 

HORNBLENDE,  see  amphibole  group. 

HUEBNBRITB. 

MoNocLiNic  a:b:c::  a830 : 1  r  0.868  Mn  WO^ 

j8  =  89'  M* 

CoMP.  Often  contains  more  or  less  Fe,  thus  grading  to  wol- 
framUe.  {FcMn)WO^. 

Phys.  Char.  Crystals  long  prismatic;  also  tabular  ||  100.  In 
bladed  crystals  or  lamellar;  columnar,  granular,  massive.  Cleavage  per- 
fect II  010;  parting  ||  100  and  102.  H.  =  5.-5.5.  G.  — 7.2-7.5.  Fuses  and 
reacts  for  Mn.    Decomposed  by  aqua  regia. 

Opt.  Prof.    The  plane  of  the  optic  axes  and  the  obtuse  Usec- 
trix  are  normal  to  010;  the  acute  bisectrix  Z  makes  an  angle  of  +17° 
with  c.     Wolframite,  according  to  Miers,  is  uniaxial    (7)  and  positive, 
with  Bj — np  =  o.o20.    Hiibnerite  has  a  large  optic  angle. 
2V  =  75°  U 

Color  brownish  red  to  black,  brown,  grayish  black.  Streak 
yellowish  brown,  greenish  gray,  black.  Pleochroic  in  thin  section,  with 
Z  green,  Y  yellowish  brown. 

Occur.  Found  in  veins  with  copper,  manganese,  tin  ores ; 
often  associated  with  scheelite,  fluorite.  rhodochrositc,  etc 
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Hnmite  Oroop. 

The  humite  ^oup  consists  of  four  minerals  which  are 
orthosilicates  oi  magnesium  containing  the  univalent  radical 
[Mg(F,OH)].  From  their  symmetry  prolectite,  chondrodite  and 
dinohumite  are  monoclinic,  and  humite  is  orthorhombic,  but  the 
variation  of  the  angle  /3  is  so  slight  in  the  former  that  it  has  not 
been  measured.  Mallard  considers  humite  also  monoclinic  and 
attributes  its  apparent  orthorhombic  symmetry  to  submicroscopic 
twinning.    The  group  is  closely  related  to  the  olivine  group. 

In  physical  characters  the  minerals  of  the  group  are 
very  similar.  The  monoclinic  minerals  show  polysynthetic  twin- 
ning with  ooi  as  the  twinning  plane.  This  is  supposed  to  exist 
as  a  submicroscopic  twinning  in  the  orthorhombic  humite.  They 
all  have  distinct  cleavage  parallel  to  001 ;  this  is  usually  not  well 
marked  in  thin  section.  H.  =  6.-6.5.  G.  =  3.1-3.2.  Cdor  yellow 
to  reddish  brown  in  mass ;  colorless  to  bright  yellow  in  thin  sec- 
tion. 

The  length  of  the  vertical  axis  varies  with  the  number 
of  atoms  of  magnesium  that  are  present,  as  shown  in  the  follow- 
ing table  ;~ 

a     -.b:      e 
Prolectite  IJJ803: 1:3  xo.6387      [Mg(F,OH)],MgSiOj 

Chondrodite  IX)863 : 1 :  5  X  06289      [Mg:(F,OH)!,Mg,(SiO.), 

Humite  1.0802: 1 :  7  X  0.6291      [Mg(F,OH>]jMK,{SiO  ), 

ainohumite  1.0803: 1:9  X0.6288      [M«(F,OH)]jMf,(SiO^)^ 

PROLECTITE. 

MoNoaiNic  a:6;f::  1.0803: 1:1.8862  tMg(F,OH))jMgSiOj 

^  =  90° 
Phys.  Chab.    Similar  to  chrondodite.     Only  two  fragmentary 
crystals  known. 

Opt.  Pbop.    The  plane  of  the  optic  axes  is  inclined  44*  to  47* 
is'  to  001,  or  46"  to  42°  4s'  to  c,  and  the  positive  acute  bisectrix  is  nor- 
mai  to  010.    The  optic  axial  angle  is  large,  and  the  relief  is  high. 
{-»-)  aJi:.=79°4S'Na 
»  =  1.6703  Na 
Similar  in  other  c^tical  characters  1o  chondrodite. 
OccinL    Known  only  at  one  locality  in  a  vein  in  Sweden. 
DiAG.    Differs  from  other  humites  in  extinction  angle  (45°  ±) 
aj  measured  on  the  cleavage  ||  ooi  or  the  polysynthetic  twinning  |1  ooi. 

CHONDRODITE. 

Mono.      a:&:  c:  1.0863: 1:3.1445       [Mg(F,OH)],Mg,(SiO.), 
^  =  90- 
Phvs.  Char,     Crystals  varied  in  habit,  often  flattened 
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CHONDRODITC 


11  oio.  Twinning  polysynthetic  with  ooi  as  twinning  plane. 
Also  massive,  compact,  and  in  embedded  grains.  Cleavage  |  [  ooi 
sometimes  distinct.  H.  =  6.-6.5.  G.  —  3-I-3-2'  Infusible.  Gel- 
atinize with  acids.     Give  tests  for  fluorine. 

Opt.  Prop.    The  plane  of  the  optic  axes  is  normal  to 
010  and  makes  an  angle  of  26°  to  30'  with  001,  and  the  posi- 
,tive  acute  bisectrix  is  normal  to  010.    The 
optic   axial   angle   is   large.     Crossed   dis- 
persion with  p>». 

(+)  2//a  =  86°- 89"  2f'  =  79'4o'Na 
«,  z=  1.639    «»  =  1.619     «i.  =  1-607 
»,  —  np  =  0.032 
Color    light    yellow    to    brownish 
red;  in  thin  section  chondrodite  is  colorless 
to  brownish  yellow.     Pleochroism  is   dis- 
tinct in  colored  varieties  as  follows: — 
Z  =  pale  yellow 

(or  colorless,  or  pale  yellowish  green). 
Y  ^  very  pale  yellow 

(or  colorless,  or  pale  yellowish  green). 
X  =  pale  golden  yellow 
(or  brownish  yellow). 

The  absorption  is  X>Z>Y. 

Alter.  All  of  the  minerals  of  the  humite  group  alter 
readily  in  the  same  way  as  olivine.  Serpentine  minerals  are  the 
common  product,  usually  chrysotile  or  antigorite.  Brucite  is 
another  common  product.  Finally,  carbonates  of  magnesium  may 
form. 

Occur.  Found  in  crystalline  limestones,  in  limestone 
masses  caught  in  volcanic  rocks,  and  in  some  metalliferous  veins. 
Clinohumite  is  more  abimdant  than  chondrodite,  and  humite  less 


Optical    orientation 
of  ohondrodlCe 


DiAG.  Distinguished  from  the  other  humites  by  the 
extinction  angle  as  measured  on  the  cleavage  or  the  polysynthetic 
twinning.     See  humite  and  clinohumite. 

HUMITE. 
Orth.      a:6:c::  1.0802: 1:4.4034      [Mg(F,OH)],Mg,(SiOJ: 
Phys.  Char.     Crj'stals  usually  small  with  many  faces 
somewhat  elongated  { |  a  or  |  {  r.    Basal  cleavage  present,  but  not 
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Gelatinizes 


distinct  in  thin  section.     H.  =  6.-6.5.    G.  =  3-1-3.2. 
with  acids.    Gives  test  for  fluorine.  Infusible. 

Opt.  Pbop.  The  plane  of  the  optic  axes  is  parallel  to  OOI ; 
the  acute  bisectrix  Z  is  normal  to  010.  The  optic  axial  angle  is 
large.    Dispersion  /)>&, 

(+)  2//„  =  78°  to  79=  Li  2V  =  67"  54'  HUMITE 

n„  =  1.643 
n,  —  n,  =  0.032  to  0.038 

Color  white,  yellow,  brown;  in  thin 
section  pleochroism  is  perceptible  in  colored 
varieties.    The  absorption  is  X>Z>Y. 
Z  =  Y  =  very  pale  yellow  to  colorless. 
X  =  pale  golden  yellow. 

Alter.    Simitar  to  chondrodite. 

Occur.  Found  in  crystalline  lime- 
stone, in  limestone  masses  caught  in  volcanic 
rocks,  and  in  some  metalliferous  veins. 

DiAG.  The  extinction  angle,  meas-  ^^^"rt'l.Smlte"'""'' 
ured  on  the  cleavage  (or  on  the  polysynthetic 
twinning  in  the  monoclinic  species),  in  a  section  parallel  to  DIG, 
i.  e.,  normal  to  Z,  the  acute  bisectrix,  is  0°  in  humite,  y'-ii'  in 
clinohumite,  26°-30°  in  chondrodite,  and  about  45°  in  prolectite. 
Polysynthetic  twinning  is  not  present  in  humite.  The  humite 
group  presents  the  same  pleochroic  colors  as  staurolite,  but  the 
golden  yellow  color  occurs  paraUel  to  Z  in  the  latter.  It  is  very 
difficult  to  distinguish  orthorhombic  humite  from  the  magnesian 
olivines  without  a  chemical  test  for  fluorine;  however,  the  optic 
plane  is  parallel  to  the  cleavage  in  humite  and  perpendicular  to 
the  best  cleavage  in  olivine. 

CLINOHUMITE. 

Mono.       o:  fc:c::  1.0803:  i  :  5.6588       [Mg(F,OH)],M,(SiO.), 

Phys.  Char.  Crystals  usually  with  many  faces.  Twin- 
ning polysynthetic  with  001  as  twinning  plane.  Also  massive. 
Cleavage  ||  001  sometimes  distinct.  H.  =  6.-6.5.  G.=:  3.1-3.2. 
Infusible.    Gelatinizes  with  acids.    Gives  test  for  fluorine. 

Opt.  Pbop.  The  plane  of  the  optic  axes  is  normal  to 
010,   and   makes  an   angle  y°-i2°   with  001,   and  the   positive 
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acute  bisectrix  is  normal  to  oio.  The  optic 
axial  angle  is  large.  Crossed  dispersion 
with  p>v  very  weak. 

«,  =    1 .690        «B,  =   1.670         ftp  =   1.658 

n,  —  np  =  0.032 

CfJor    hrown,    yellow,    white ;    in 
thin  section  pleochroism  is  dbtinct  in  col- 
ored varieties,  as  follows: — 
Z  ^  pale  yellow 

(or  colorless,  or  pale  yellowish  green). 
Y  =  very  pale  yellow 

(or  colorless,  or  pale  yellowish  green). 
X  =  pale  golden  yellow 
(or  brownish  yellow). 

The  absorption  is  X  >  Z  >  Y. 

Alter.    Similar  to  chondrodite. 

Occur.  Found  in  crystalline  limestones,  in  limestone 
masses  caught  in  volcanic  rocks,  and  in  some  metalliferous  veins. 
The  various  species  of  the  group  sometimes  occur  together. 

DiAG.  Distin^ruished  from  olivine,  staurolite  and  other 
humites  as  described  under  humite.  Distinguished  from  titan- 
olivine  as  follows : — In  sections  perpendicular  to  the  positive  bi- 
sectrix of  twinned  crystals  the  plane  of  the  optic  axes  makes  an 
angle  of  7*  to  12°  (or  30*  in  chondrodite)  with  the  twinning 
plane,  while  in  titanolivine  it  is  Y  which  makes  an  angle  of  20° 
wiU)  the  twinning  plane. 


Yig.  iiz. 

Optical    ortenta 

ot  cUnohunrite. 


HUREAULITE. 

MoNOOJNic  a:b: 


1.919:1 


)?  =  84'' 


5-525 


H,Mn,(POJ^  +  4HjO 


Phvs.  Chab.  Crystals  short  prismatic,  tabular.  In  sheaf-like 
groups;  also  massive,  scaly  or  fibrous.  Cleavage  distinct  ||  100.  H.:=s. 
G.  =  3.15-3.19.     Fusible.    Easily  soluble. 

Opt.   Pbop.    The  optic  plane  and  the  negative  acute  bisectrix 
are  normal  to  010;  Z  A<;=^ -i-?S°.     Optic  angle  large;  axial  dispersion 
fi<iv  strong  with  distinct  crossed  dispersion. 
(— )   2E  — 173°S2' 

Color  orange  red,  rose  violet,  pink,  grayish,  nearly  colorless. 

Occur.    Found  in  pegmatitic  veins  in  granite.    Rare. 

HUSSAKITE,  see  xenotimr.    HUTCHINSONITE,  see  smithite. 
HYALOPHANE,  see  feldspar  group. 
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HYDRARGILLITE.  (GibbBite). 


MoNOCLlNIC  o:&:c::  1.7089: 1: 1.9184  Al(OH), 

/3  =  85-29' 
Phys.  Chab.  Crystals  uncommon ;  hexagonal  in  appear- 
ance by  the  presence  of  001,  100  and  no;  usually  flattened  {{  001. 
Often  in  microscopic  lamellae.  Also  in  concretions,  in  stalactites, 
or  in  crusts.  Oeavage  micaceous  1 1  001  giving  lamellae  slightly 
flexible ;  percussion  figures  similar  to  those  of  the  micas,  produc- 
ing lines  perpendicular  to  the  sides  of  the  hexagon.  Twinning 
common  of  various  types.  The  twinning  plane  may  be  001,  or  a 
plane  normal  to  ooi  making  an  angle  of  119'  10'  with  100  in  OOI, 
and  an  angle  of  0°  32'  with  no  in  001 ;  in  this  type  of  twinning 
the  basal  planes  are  parallel,  while  the  zone  OOI :  lOO  of  one 
crystal  coincides  with  the  zone  OOI :  no  of  the  other.  Other 
types  of  twinning  occur  more  rarely — ^these  types  may  combine 
in  a  single  crystal  like  the  albite  and  pericline  twinnit^  in  the 
feldspars.  H.  =  2.5-3.5.  G.  =  2.3-2.43.  Infusible ;  gives  water 
in  the  closed  tube.     Soluble  in  sulphuric  acid. 

Opt.  Prop.  The  variations  observed  in  the  optic  prop- 
erties are  probably  connected  with  the  temperatures  which  the 
minerals  experienced  at  the 
time  of  their  formation  (or 
later),  since  heat  has  very 
marked  effect  upon  the  op- 
tic angle  and  position  of 
the  optic  elements.  At 
ordinary  temperatures  the 
plane  of  the  optic  axes  is 
usually  perpendicular  to 
010,  the  plane  of  sym- 
metry, and  the  positive 
acute  bisectrix  makes  an  angle  with  the  vertical  axis  varying  in 
different  occurrences  from  21°  to  44°.  The  angle  of  the  optic 
axes  decreases  with  increasing  temperature  until  at  about  27°C. 
the  mineral  is  sensibly  uniaxial  for  blue ;  above  that  temperature 
the  optic  axes  open  out  with  increasing  temperature  in  010,  the 
plane  of  symmetry.  Upon  cooling  the  change  reverses  itself. 
In  nature  the  mineral  occurs  with  the  optic  angle  in  any  of  the 
positions  thus  produced  by  heat.  The  refringence  is  low,  and 
the  birefringence  moderate.  The  angle  of  the  optic  axes  is  always 
small,  and  may  be  0°,    Dispersion  p>z'  strong.  • 
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(  +  )    2t'  =  0=-40' 

»«=  1-5577    ««  =  «p=  1.5347 

«,  —  «t.  ^  0.023 

These  measures  were  made  upon  the  mineral  from  Nor- 
way, which  is  uniaxial.  The  indices  must  vary  with  the  varying 
optic  angle,  and  the  birefringence  probably  varies  also.  On 
Brasilian  hydrargillite  n,  —  tip  =  0.019  according  to  Lacroix.    . 

Color  white,  grayish,  etc. ;  coloriess  in  thin  section. 

Occur.  Often  associated  with  corundum  and  emery; 
also  a  common  decomposition  product  of  feldspars  in  laterite.  and 
in  basalts  alter-ed  ,to  bauxite. 

DiAG,  Distinguished  from  kaolinite  by  the  strong  bire- 
fringence, from  calcite  and  muscovite  by  the  optic  sign  and  the 
distinctly  inclined  extinction,  from  bnicite  and  wavellite  by  the 
inclined  extinction  and  chemical  reactions. 

HYDROMAGNESITE. 

Ohth.  a;t:c::i.o38:i:o.46s  aMgCO,- Mg  (OH), +  3H,0 

Phvs.  Char.  Crystals  small,  acicular  or  bladed;  in  tufts  or 
crusts ;  massive.  Ckavage  unknown.  H.  =^  3.5.  G.  ^2.14-2.18.  Infu- 
sible.   Soluble  with  edervescence. 

Opt.  Pbof.  The  optic  plane  is  parallel  to  001;  therefore  Y  ii 
parallel  to  the  prism  and  the  elongation  is  ±.  Refringence  low;  n,=^ 
1.538,  "m  =1-530,  np=  ?:  n,  — np  =  ox)iS  approx. 

Color  white  to  grayish  or  yellowish.    In  thin  section  colorless. 

Occur.  Found  chiefly  in  serpentine  as  an  alteration  product ; 
sometimes  associated  with,  and  an  alteration  product  of,  brucite. 

HYDRONEPHELITE,  see  zeolite  group. 

HYDROTALCITB  (Vfilknerite), 

Hexagonal  Axial  ratio  unknown  Al(0H)j-3Mg(0H)j -311,0 

Phvs.  Chak.    Usually  fibrous;   sometimes  foliated.     Cleavage 

perfect  |]  0001.    Feel  greasy.    H.  =  2.    G.  —  2.04-2.09.    Gives  much  water 

in  the  closed  tube.     Infusible,  but  exfoliates  somewhat.     Soluble. 

Opt.    Plop.    Uniaxial    and    negative.     Refringence    very    low; 

birefringence  rather  weak. 

"  =  1-47 

Color  white;  luster  pearly.    Colorless  in  thin  section. 

Occur.    Found  in  crystalline  schists  and  serpentine.    Rare. 

Pyroaurite  differs  from  hydrotalcite  in  containing  Fe^Oj  in- 
stead of  alumina.  It  occurs  in  hexagonal  or  rounded  plates  with  c  = 
3.607.  Yellow  to  brownish.  Negative  and  uniaxial,  with  weak  birefrin- 
gence. 
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DiAa  Hydrotalcite  is  distinguished  from  brucite  by  its  oppo- 
site sign,  stronger  birefringence,  and  much  lower  refringence;  it  also 
contains  alumina. 

ICE. 
Hexagonal  c=  1.403  H,0 

Phys.  Chab.  Complete  crystals  rare;  often  in  skeleton 
snow  crystals  of  hexagonal  symmetry.  Usually  tabular  |  ]  0001 ; 
also  granular  massive.  Gliding  plane  1 1  0001  developed  by  pres- 
sure.   H.  ^  1.5.    G.  =  0.918.    Becomes  water  at  0°  C. 

Opt.  Prop.  Uniaxial  and  positive.  Refringence  lower 
than  that  of  any  other  mineral ;  birefringence  weak. 

At  goc.  At  8°C.  At  zA'C. 

«,  =  I J037  U  1.3133  Na  1.3163  T! 

n,=  i.397oLi  i.309oNa  i.3io?Tl 

B,  —  jip  =  0.0067  Li  0.0043  Na  0.0056  Tl 

Colorless  to  white.  In  thick  masses  pale  blue. 
Occtjx.  Abundant  as  a  temporary  constituent  of  sur- 
face rocks  filling  pores,  fractures  and  cavities  in  winter  in  cold 
climates;  also  found  occasionally  at  some  depth  below  the  sur- 
face. Also  formed  over  lakes  in  crusts  or  layers  composed  of 
large  acicular,  irregularly  arranged  aggregates,  or  prisms  ar- 
ranged with  vertical  axes  all  normal  to  surface  of  water.  In  gla- 
ciers forming  large  masses  whose  texture  is  like  that  of  granular 
limestone.  In  snow  crystals  of  skeleton  hexagonal  forms  of  great 
variety.  In  frost  often  dendritic,  stellate,  etc.  In  hail  anhedral 
crystalline  aggregates. 

Ilmenite  Oroap. 

The  ilmenite  group  includes  several  titanates  of  iron, 
magnesium  or  manganese.  These  minerals  are  chemically  closely 
allied  to  perovskite  (CaTiO,),  while  crystallographically  they 
are  closely  related  to  hematite  (FePeO,)  and  corundum 
(AIAIOJ.  We  follow  Lacroix  {Min.  Fr.  III.  284)  in  assigning 
the  name  crichtonite  to  FeTiO,  and  ilmenite  to  Fe(Ti,Fe)03. 
These  minerals  are  rhombohedral.    They  are  as  follows : — 


Crichtonite 

.=  ..3846 

FeTiO, 

Ilmenite 

.  =  ..3846 

mFeTiO,  -|-  nFe^O,  ( 

>r    Fe(Ti,Fe)0, 

Geikielite 

MgTiO, 

Pyrophanite 

cZ',.369 

MnTiO, 

Crichtonite  is  relatively  rare,  ilmenite  being  much  more 
abundant.    It  does  not  differ  in  character  from  the  latter. 
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ILHEMITE  (Menaccanite). 
Rhombohedkal  c=  1.3846  Fe(Ti,Fe)Oj 

Phys,  Char.  Crystals  commonly  show  rhombohedral 
and  basal  faces  with  flattening  |j  0001.  Also  acute  rhombo- 
hedrons  with  the  base,  prisms,  etc.  Often  in  thin  laminae;  also 
massive.  Twinning  with  0001  as  the  twinning  plane  and  rota- 
tion of  30°  ;  also  with  lol  i  as  twinning  plane.  Oeavage  or  part- 
ing]] 0001.  H.  =  5.-6.  G.  =  4.5-5.  Nearly  infusible.  Slowly 
soluble  in  HCl.  The  most  rapid  and  convenient  test  for  titani- 
um chemically  is  to  add  a  drop  of  this  solution  to  a  solution  of 
morphine  in  concentrated  H,SO,  producing  a  crimson  color,  or 
to  a  solution  of  thymol  producing  a  garnet  red,  or  to  a  solution  of 
of  phenol  or  gallic  acid  producing  a  brick  red  color. 

Opt.  Prop.  Opaque ;  rarely  translucent  and  dark  brown 
in  very  thin  sections.  Luster  metallic  or  submetallic ;  color  iron 
black  (crichtonite,  violet  black)  sometimes  brownish  in  reflected 
light.    Sections  of  crystals  hexagonal. 

Altes.  Alters  often  to  leucoxene,  which  is  supposed  to 
be  a  variety  of  titanite ;  this  may  be  accompanied  by  the  forma- 
tion of  rutile.  Much  more  rarely  alters  to  octahedrite ;  in  the 
phyllites  it  sometimes  alters  to  siderite  and  rutile. 

Occur.  A  common,  but  sparsely  distributed,  constitu- 
ent of  igneous  rocks ;  it  is  also  common  in  small  amount  in  many 
metamorphic  rocks ;  finally  it  occurs  in  many  veins,  and  also  in 
alluvial  sands. 

DiAa  In  thin  section  distinguishable  from  magnetite 
only  when  the  alteration  product  (leucoxene)  is  present.  Chem- 
ically it  is  characterized  by  the  presence  of  titanium  with  iron. 
Non-magnetic. 

GEIKIELITB. 
Rhombohedkal  MgTiO^ 

Phys.  Chak.  Massive,  in  pebbles.  One  perfect  and  one  im- 
perfect cleavage,  nearly  at  right  angles.  H.  =  6.  G.  =  3.98-4-  Infusible. 
Slowly  soluble  in  HCl.    Reactions  for  titanium. 

Opt.  Char.  Color  bluish  or  brownish  black.  Translucent  in 
thin  section  with  purple  color.  Uniaxial  and  negative.  Refringence  very 
high ;  birefringence  very  strong.    Luster  metallic  to  adamantine. 

Occur.    Found  in  gem  mines  in  Ceylon.    Rare. 

DiAG,  Purple,  uniaxial  and  negative  with  strong  birefringence. 
Contains  t 
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RaoMBOBEDRAL  c  =  1.369  MnTiOj 

Phys.  Chab.  In  very  thin  tabular  crystals  or  scales,  basal 
plane  prominent  and  brilliant,  with  rtaombohedrons.  Perfect  rhombohe- 
dral  cleavage  ||  oz2i,  also  cleavage  ||  10T2.  H.  =  5-  G.  =  4-54-  SoluUe 
in  HCI.    Reacts  for  titanium. 

Opt.  Prop.  Uniaxial  and  negative.  High  refringence  and  very 
stroi^  birefringence. 

n,  =  2.481  (Na)     »,  =  2.210 
",  —  »,  =  0-271 

Color  dark  blood  red ;  streak  ocher  yellow,  slightly  greenish. 
Luster  brilliant,  vitreous  to  submetallic  In  thin  section  yellowish  red, 
i^ot  pleochroic. 

Occur.    Found  in  the  Harstig  mine  in  Sweden.     Rare. 

DiAG.  Yellowish  red,  negative,  uniaxial  with  very  strong  bire- 
fringence.   Contains  titanium  and  manganese. 

ILVAITE, 

OsTHOKHOunic  0:6:^:10.6665:  1:0,4437  CaFej(FeOH)(SiO,), 

Phys.  Char.  Commonly  in  vertically  striated  prisms  elon- 
gated [|  c;  pyramid  faces  also  striated.  Also  compact.  Cleavage  distinct 
II  001  and  010.  indistinct  ||  no  and  lOO.  H.  =  5.5-6.  G.  =  3.99-4.05. 
Fusible  at  2,5  to  black  magnetic  bead.    Geiatinizes  with  'HCI. 

Opt.  Prop.     The  plane  of  the  optic  axes  is  parallel  to  lOO  and 
the    positive     acute     bisectrix     is  '  normal     to    OOi. 
Cleavage    indistinct    in    thin    section.      Relief    high. 
Optic   axial    angle    large    in    some    cases,    less    in 
others. 

(-I-)  2E  =  6a''± 
»„=i.89 

Color  iron  or  grayish  black ;  streak  gray- 
ish black.  Luster  submetallic.  Opaque  except  in 
thin  section.  Fleochroism  intense  in  thin  section ; 
according  to  Boggild  ilvaite  has  distinct  pleochroism 
even  in  reflected  light.     Absorption  Z>Y>X. 

Transmitted  light.  Reflected  light. 

Z  =  f  =  dark  green  to  opaque  preen 

y  =  a  =  brown,  nearly  opaque  brown 

J^  =  6  =  clear  brown  to  brownish  brown 

yellow 

Alter.     Commonly  alters 

Occur.  Found  in  iron  0 
in  crystalline  limestone  in  Nassau ; 
artvedsonite  and  aegirine  in  alkalini 
and  some  other  districts.     Rare. 

DiAG.  Crystal  form  quite  characteristic  In  thin  section  when 
Iranslucent  it  has  the  brown  color  and  intense  pleochroism  of  seragmatite 


ILVAITC 


-_^ 


m 
s 


1_: 


1  limonite. 
in   Tuscany; 


Fig.   13). 
OptlcaJ    orientation 

of  llvalte. 


1  contact  mineral 
1  alteration  product  of 
:  syenites  and  granites  of  Greenland 
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from  which  it  differs  by  its  parallel  extincti 

alld  to  the  best  cleavase,  and  easy  attack  by  acids. 

lODYRITE. 

Hexagonal  c=oSao  Agl 

Fhys.    Char,    Crystals    prismatic,    hemitnorphic.      Twinning 

lare  on  3034.    Also  massive  and  lamellar.     Cleavage  perfect  |1  0001 ;  la- 

mellfc  flexible.    Soft.  G.  =  5'6-57'    Fuses,  giving  fumes  of  I  and  Ag  glob- 

Opt.    Phop.     Uniaxial    and    positive.      Refringence    very    high; 
birefringence  strong.    Suddenly  becomes  isometric  and  isotropic  at  I46°C. 
«  =  2.1816  Na. 
Color  yellow  to  yellowish  green;  sometimes  brownisli.     Streak 

Occur.    Found  in  veins  in  silver  mines.    Rare. 

IRON. 

Isometric    .  Fe 

Phvs.  Char.  Usually  massive;  rarely  in  cubic  or  octahedral 
crystals  with  perfect  cubic  cleavage.  Strongly  magnetic.  H.  :=  4.-5.  G.  = 
7.3-7.8.     Fusible  at  about  i5oo°C.     Soluble  to  a  yellow  solution  in  HCl, 

Opt,  Prop.  Opaque ;  color  iron  black  to  steel  gray.  Luster 
metallic.    In  thin  section  color  and  luster  only  observed  by  reflected  light. 

Alter.    Alters  rapidly  to  litnonite  when  exposed  to  the  air. 

Occur.  Rare.  Found  in  some  igneous  rocks  very  sparingly. 
Large  masses  found  in  Greenland  in  basalt.  Iron  is  found  in  meteorites, 
in  some  cases  making  up  the  entire  mass,  in  other  cases  a  large  portion, 
and  in  still  other  cases  a  small  part  of  the  whole.  Meteoric  iron  always 
contains  nickel  (5%  toio%  commonly)  and  a  little  cobalt.  In  this  respect 
it  differs  from  native  iron.  Further  it  shows  Widmanstatten  figures  when 
etched  by  dilute  nitric  acid  upon  a  smooth   surface, 

JADEITE,  see  pyroxene  group.    JOHNSTRUPITE.  see  mosan- 


KAINITE. 

MoNOCUNic  a;  6:  f::  1.219:1:0-586  MgSO^  ■  KCl  +  sHjO 

^  =  85°6' 
Phys.  Char.     Crystals  tabular  ||  001,  or  pyramidal.     Granular 
massive;  encrusting.    Cleavage  distinct  ||  too,  also  ||  no  and  010.    H.— 
2.5-3.     G.  =  2.06-2.2.     Soluble  easily  in  HjO. 

Opt.    Prop,     The   optic   plane   is  parallel   to  Oio;    the   negative 

acute  bisectrix  makes  an  angle  of  8°  to  10°   with  c  in  the  acute  angle  p. 

Optic  angle  large;  inclined  dispersion  very  distinct  with  p>r  very  weak. 

(-)  2f^84°33'Na  (2£=i4i"±) 

«g  =  1,5203  n„  =  1.5061  Hp  =  1.4948 

M.  —  w^  =  0.0255 

Color  white  or  colorless  to  dark  flesh  red.     Colorless  in  sec- 
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Occur.  Found  with  picrom«rite,  halite,  sylvite,  etc,  in  de- 
posits of  salt  lakes  or  lagoons.    Rare. 

KALINITE. 

IsoMETsic  KjSO^  ■  Al,  (SO^)  ,  +  24H,0 

Phys.  Cbak.  Usually  fibrous,  encrusting,  or  massive.  Arti- 
ficial crystals  often  octahedral;  also  cubic  or  modified.  Twinning  on  ill. 
H.  =  2.-2,5.  G.  ^1-75.  Fuses  in  its  water  of  crystallization  and  froths. 
Soluble  in  HjO. 

Oft.  Prop.  Normally  isotropic,  but  molecular  strain  often  pro- 
duces birefrii^ence.     Ref ringence  low,  n  =  1.4557.     Color  white.     Luster 

Occur.  Found  as  an  efflorescence  on  argillaceous  minerals. 
Uncommon. 

KALIOPHILITE,  see  nephelite  group. 

KAOLINITE. 

MoNOCLiNic  a:  &:c::  0.5748:  i:  1.5997  HjAI^SijO, 

Phys.  Char.  Crystals  usually  pseudohexagonal  in  thin 
hexagonal  plates  or  scales,  sometimes  in  fan-shaped  groups.  Other 
faces  rare.  Twinning  similar  to  that  of  the  micas  and  chlorites  , 
common ;  other  twinning  rare.  Usually  in  clay-like  masses,  com- 
pact, with  greasy  feel  when  pure.  Perfect  basal  cleavage.  Lam- 
ina: flexible,  inelastic.  H.  =  2.-2.5.  G.  — 2.6-2.63.  Infusible. 
Yields  water.     Insoluble. 

Opt.  Prop.    The  plane  of  the  optic  axes  and  the  obtuse 
bisectrix  are  normal  to  ore:  the  negative  acute  bisectrix  makes 
an  angle  of  20°  with  a  normal  to  001  in  the 
acute  angle  /3.    The  angle  of  the  optic  axes  is       RAOLINITC 
large ;  by  superposition  of  lamellae  it  may  ap-  o«, 

pear  small ;  the  birefringence  is  weak. 
(— )  2F  =  68''(90°?) 
«  =  1.563 
«,  —  jip  =3  0.007 

Colorless,  white,  rarely  yellowish, 
brownish,  etc.  Luster  on  cleavage  surface 
pearly;  elsewhere  sub-pearly  to  earthy.  Col- 
orless in  thin  section. 

Occur.    One  of  the  common  altera- 
tion products  of  feldspar ;  also  of  nepheline. 
scapolite  and  other  silicates.    Occurs  in  large     optic^bijintation 
masses  in  clay  beds  as  a  result  of  decofnposi-  "'  i^o'imtB. 
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tioti  of  feldspathic  rocks.  Qay  usually  contains  some  quartz  and 
limonite  as  well  as  kaolinite.  Large  scaly  kaolinite  often  found 
associated  with  iron  ores  in  the  Coal  Measures.  Also  found  as 
a  vein  filling  in  fissures  in  various  rocks. 

DiAG.  Distinguished  from  muscovite,  talc,  and  hydrar- 
gillite  by  its  weak  birefringence,  large  optic  angle  and  infusibil- 
ity;  distinguished  from  pyrophyllite  by  its  weak  birefringence, 
its  negative  bisectrix  not  normal  to  ooi,  its  infusibility,  and  its 
insolubility. 

KATOFOSITE,  see  amphibole  group. 

KIESERITE. 

MoNOCLiNic  a:b:c::o.gi5:  i :  1.757  MgSO^  +  H^O 

0  =  89"  6' 
Phvs.  Chak.     Crystals  pyramidal,  rare.   Usually   massive   gran- 
ular, compact.    Cleavage  perfect  ||  Tii  and  I13.  imperfect  ||  iii.  loi  and 
012.    H.  =  3.-3-5-    G.  =  2.57-     Easily  fusible.     Slowly  soluble  in  H^O. 

Opt.  Prop.  The  optic  plane  is  parallel  to  010;  the  positive 
acute  bisectrix  makes  an  angle  of  76"  with  c.  Optic  angle  targe ;  inclined 
dispersion  distinct  with  p>i'. 

(+)  2£  =  90''Na. 

Color  white,  grayish  to  yellowish. 

OcciTR.  Found  in  salt  beds  at  Stassfurt  and  elsewhere,  often 
associated  with  carnallite  and  gypsum.     Bare. 

Sulphoborite  (aMgSO^  ■  4MgHB0j  -1-  7Ufi)  is  an  ortho- 
rhombic  magnesium  salt  with  a:  6:  c:  :o.62o:  I  :o.8io.  Crystals  small 
prismatic.  Cleavage  distinct  ||  no,  indistinct  ||  001.  H.  =  4,  G.=;2.4. 
Fusible  with  intumescence.  Soluble  in  adds.  Optic  plane  parallel  to  010; 
acute  bisectrix  X  normal  to  001.  {— )  z/f^  =79''26'Na;  Bj  =  i-S443; 
"m  — '-5356.  iip=;|,5272;  n, — ftp  — 0.017.  Colorless  or  stained.  Found 
in  salt  mines  with  kieserite,  anhydrite,  carnallite,  etc. 

KOPPITE,  see  pyrochlore  group. 

KORNERUPINE  (Prismatine). 

Okthorhombic  a:b:c::  0.854  ^  i  ^  ?  MgAl^SiO, 

Phys.  Chak.  In  fibrous  to  columnar  aggregates  with  distinct 
prismatic  cleavage.     H.  ^6.5.     G.  =  3.27-3.34.     Infusible;  insoluble. 

Opi.  Prop,  The  optic  plane  is  parallel  to  100;  the  negative 
acute  bisectrix  is  normal  to  001.  Axial  angle  variable,  2E=i4°-33'' 
(kornerupine).  and  in  prismatine  the  dispersion  is  p>i'  weak,  with  2E=: 
65°  30'  Na(2r  — 37°  34'  Na). 

»tg^i.68i8    «„=i.68os    «p=i.66r)i 
«,  — n  =o.oia7 
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KORNER  UPINE—LANGBEINITE. 


G)lor  white,  gray,  yellowish  to 
brownish,  rarely  greenish.  In  thin  section 
kornerupine  is  colorless  and  prismatine  is  yel- 
lowish; in  thick  sections  prismatine  has  weak 
pleochroism  with  Z  greenish  to  colorless,  Y 
brownish  yellow,  X  clear  wine  yellow. 

OccuB.  Kornerupine  is  found  with 
cocdierite  in  a  rock  composed  of  mica,  horn- 
blende and  sapphirine;  prismatine  occurs  in 
grainilite  with  albite,  garnet,  and  tourmaline. 
Very  rare. 

DiAG.  Kornerupine  differs  from 
sillimanite  in  having  negative  elongation  and 
weaker  birefringence,  from  andalusite  in  high- 
er refringence  and  smaller  optic  angle,  and 
irom  topaz  in  having  prismatic  cleavage,  high- 
er refringence  and   negative   elongation. 

KROEHNKITE. 


MONOCUNIC 


a:b:c' 


Na,Cu(SO^)^  +  2HjO 


0.5229:  i;043S7 
^  =  56"  17' 

Frvs.  Chak.  Crystals  irregular  short  prisms  often  twinned, 
and  in  fibrous  aggregates,  or  crusts,  Twinning  common  on  001.  Cleav- 
age perfect  II  010,  distinct  |I  on.  H.=:2,5-3.  G.  =  2^.  Fuses  easily 
»iter  decrepitation.    Soluble  in  water. 

Opt.  Prop.    The  optic  plane  Is  parallel  to  010;  the  acute  bisec- 
liix  X  makes  an  angle  of  +48°-  49°  with  c.    X^a  ^  >  XbiA  c-    The  re- 
fringence is  moderate,  and  the  birefringence  very  strong.    The  optic  angle 
IS  large;  the  dispersion  is  inclined,  with  p'C.v,  weak, 
(— )  2V  =  78"  40'  Na. 
n,=  i.6oi3  «„  — 1.577s  »p  =  i.S437 
n.—  tp  — 0.0576 
Color  deep  to  pale  blue  in  mass. 

OccuK.  Found  with  atacamite,  brochantile  and  coptapite  in 
Chile.    Very  rare. 

KTYPEITE,  see  aragonite.  LABRADORITE,  see  feldspar  group. 
UHARKITE.  see  leadhillite. 

LANGBEIHITE. 

ISOMBTWC  K,Mf,(SOJ, 

Pbys.  Chab.    Crystals  tetrahedral;  highly  modified.     H.  ^3.- 

4-    G.  =  2,81-2.86.     Tasteless.    Absorbs  water  rapidly  from  the  aJr. 

Opt.   Prop.    Isometric,     Index  n  =  1.5329.     Shows  no  circular 

polarization.    Colorless,  white.    Luster  greasy  to  vitreous. 

OccVK.    Found  in  salt  deposits  taking  the  place  of  polyhalite. 

Rare. 

LANGITE,  see  brochantite. 
'Palache  and  Warren;  Amer.  Jour.  So,  XXVI.   1908.  p.  S42. 
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LANTHANITE. 

Orthorhombic  a:  6:  c::  0.953:  i:o.go2  La^iCO^^^+gHfi 

Phvs.  Char.  CTystalsthin  plates  ||  001 ;  also  granular,  earthy- 
Cleavage  micaceous  ||  001.  H.  =:  2.5-3.  G.  =^  2.61.  Infusible,  Effer- 
vesces in  acids. 

Opt.  Pbop.  The  optic  plane  is  parallel  to  100;  the-  negative 
acute  bisectrix  is  normal  to  ooi.  Optic  angle  large;  dispersion  small  pKi 
V.     C— )  2E  =  108°  i'  U 

Color  grayish  white,  pink  or  yellowish.    Luster  pearly  or  dull. 
Occur.    Found  with  cerite  or  allanite;  also  with  zinc  ores  in 
limestone.    Rare. 


LAUHONTITE,  see  zeolite  group. 
LAURIONITE. 


Na{ZrO.F)  {Mn,Ca,Fe)  (SiO,>, 


Orthobhombic  o:b:c::o.738: 1:0.835  Pb(OH)a 

Phvs.    Char.    Crystals    minute,    prismatic,    flattened    ||    010. 
Cleavage  distinct  |]   10a    H,  =  3,-3.5,     Easily  fusible.     Soluble  in  HNO,. 
Opt.  Pkop.    The  optic  plane  is  parallel  10  010;  the  negative 
acute  bisectrix  is  normal  to  100.    Refringence  extremely  high.    Colorless. 
(— >  2f  =  8i''32' 
fig  =  2.1580    «„  =  2,1161    11^  =  2,0767 
nj  —  »p  =  0.0813 
Occur.    Found   with   phosgenite  and  cerussite   in   cavities   of 
very  old  lead  slags  acted  upon  by  sea  waters  in  Greece. 

LAVENITE. 

MoNoo-iNic       a:b:c::  1.0964 :  i 
^  =  69°  42' 

Phys.  Char.  Crystals  prismatic  or  tabular  ||  100;  also  in  era- 
bedded  grains.  Twinning  plane  100 ;  sometimes  as  twinning  lamellse, 
Oeavage  ||  100  good,  and  visible  in  thin  section.  H.  =  6.  G.  =  3.5.  Fu- 
sible to  a  black  scoria.     Difficultly  soluble  in  HO, 

Opi,  Prop.  The  plane  of  the  optic  axes  is 
parallel  to  010:  the  negative  acute  bisectrix  makes  an 
angle  of  about  20°  with  the  vertical  axis  in  the  acute 
angle  p.  Relief  high  lik«  that  of  epidote.  Birefrin- 
gence stronger  than  that  of  olivine.  Optic  axial  angle 
large.     Dispersion  very  weak, 

(-)   2r'^79'46' 
«„=i-75c 
»g  —  "p  =  003 
Color  light  yellow   to  brown.     Pleochroism 
very  strong,  especially  in  dark  colored  varieties.     Ab- 
sorption Z  >  Y  >  X. 

yellow  crystals  brown  crystals 

Z^  golden  yellow  brownish  yellow  to  orange  red 

Y  =  colorless  greenish  yellow 

X  =  colorless  clear  wine  yellow 

Alter.    Alteration  rare,  but  may  change  to 


C.u:,..J.AjOt5^1C 
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is  parallel  to  010;  the 

UAWSOMTE 


fluorite,  zircon,  hematite,  or  limonhe,  and  certain  unknown  minerals. 

Occur.  Rare.  Found  in  pegmatite  dikes  in  nepheline  syenite 
and  related  rocks  in  Norway,  Brazil,  France,  U.  S„  etc. 

DiAG.  Distinguished  from  epidote,  which  sometimes  has  the 
same  color,  by  a  different  pleochroic  formula  and  a  large  extinction  angle 
(30°)  in  the  zone  of  elongation;  distLnguished  from  wohierite  and  rinkilc 
by  its  strong  birefringence,  and  strong  pleochrojsm. 

LAWSONITE. 

Obthobhomdic  a:b:c::  0.665 :  i :  o?38  H^CaAI^SijO,, 

Phys.  Chab.  Crystals  large,  prismatic  or  tabular  ||  001. 
Twinning  on  iia  Cleavage  perfect  ||  010  and  001,  indistinct  ||  no.  Fris- 
malic  cleavage  often  prominent  in  thin  section.  H.  =  8.  G.  =  3.08-3,09. 
Easily  fusible  to  colorless  blebby  glass.  Insoluble,  but  gelatinizes  after 
i  Knit  ion. 

Opt.  Pbop.    The  plane  of  the  oplic  axes 
positive    acute    bisectrix     is    normal    lo    OOi. 
Optic   angle    large.     Refringence   high ;    bire- 
fringence rather  strong, 

(-I-)  2f  =84''6'Na. 

ng=  1,6840  n„=  1.6690  n(,  =  1.6650 

w  J  —  "p  =  0.019-0,021 

Color  pale  blue  to  grayish  blue : 
also  colorless  to  greenish ;  colors  often  in 
bands  parallel  to  the  prism  face.  Colorless 
in  thin  section.  Pleochroic  in  thick  sections,  ^^ 
with  absorption  X>y>Z,  and  X  blue.  Y 
yellowish  or  colorless,  Z  colorless. 

OccUB,  Lawsonite  is  produced  by 
regional  metamorphism  in  gabbros  and  ba- 
salts, and  is  therefor^  also  found  in  derived 
schistose  types,  glaucophane  or  sodic  schists, 
with  a  1  bite,  epidote,  muscovite. 

DiAG.  I-awsonite  differs  from  oli- 
vine in  having  belter  cleavages  and  weaker 
birefringence;  it  has  stronger  birefringence  than  z 


LAZULITE. 
MoNocLiNic  a . 


1.6483 


(Mg,Fe)(A10H)  (PO,). 


b:  c:  ■.0.9749    I  ■■ 
/3  =  89- 14' 
Phys.  Chab.    Crystals  usually  acute  pyramidal  in  habit.  Also 
Twinning   with    c   as   the   twinning:  axis.      Indistinct   prismatic 
cleavage.     H.  =  5.-6.     G.  =  3.0-3.12.     Infusible,  but  whitens  and  crumbles 
when  heated.     Insoluble. 


Opt.  Pbop. 


The  plan 


of  the  optic  axi 

m  angle  of  9°- 1 


is  parallel  to  010 ;  the 
'   with  c  in  the  acute 
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angle  p.  The  angle  of  the  optic  ares  is 
large  and  the  birefringence  strong. 
Dispersion  p<t'  distinct,  with  slight 
inclined  dispersion. 
(— )  2£  =  133'>-I36'  (2y  =  69'±) 
«,  =  1.639  0^  =  1.633  «,  =  1.603 
n,  —  «^  =  0.036 

Color  azure  blue.  Luster 
vitreous.  In  thin  section  pleochroJsm 
distinct  with  Z  =  Y  >  X,  and  Z  azure 
blue,  Y  azure  blue,  X  colwless. 

Occur.  Found  in  veins  in 
quartzite  and  other  metamorphic  rocks. 
Rare. 

DiAC  Distinguished  from 
corundum  by  its  biaxial  character  and 
strong  birefringence ;  from  blue  cor- 
dicrite,  sappbirine  and  dumortierite  by 
its  strong  birefringence,  from  blue  cya- 
nite  and  blue  amphibole  by  the  absence 
of  cleavage. 


Fig.  130.    C^tlcal  (oieutation 


;  sodalite  group. 


LAZURITE,  : 

LEADHILLITE. 

MoNocUNic  a:b:c::  i.?47 : 1 : 2.215  (PbOH) jPbj(CO,) jSO, 

;3  =  89*'48' 

Phvs.  Crar.  Crystals  commonly  tabular  |]  001,  hexagonal  in 
aspect.  Twinning  on  no  as  in  aragonite;  also  on  310  in  lamellx.  Qeav- 
a«e  very  perfect  ||  001,  in  traces  ||  100.  H.  =  2.5.  G.  =  6.26H5.44.  Fu- 
sible with  intumescence  at  1.5.  Effervesces  in  HNOj  leaving  PbSO^ 
undissolved. 

Opt.  Prop.  Tbe  optic  plane  is  parallel  to  010;  the  acute  bisec- 
trix X  is  sensibly  normal  to  001.  Optic  angle  small ;  dispersicKi  large  p  <, 
V.  The  axial  angle  decreases  with  increase  in  temperature,  and  the  min- 
eral finally  becomes  uniaxial,  negative,  at  I25°C.  or  more.  At  ordinary 
temperatures  2H  — 20°-23°  Li.    ji^  —  m^^o-oto. 

Color  white,  yellowish,  green,  gray.  Streak  colorless.  Color- 
less in  section. 

Occur    Found  in  veins  with  lead  and  silver  ores.    Rare. 

Laturldte  (Pb^SO,)  is  also  monoclinic  with  a:  &:c;:o£68:  i: 
1.384  and  ^8  =  88°  n'.  CrysUls  elongated  \\  6,  tabular  |]  lOO.  Clearage 
perfect  ||  001.  Laminae  flexible.  H.  =  2.-2,5.  G.  — 6,3-6.8.  Partly  sol- 
uble in  HNOj.  Optic  plane  parallel  to  010.  Negative.  Birefringence 
strong.    2/f  =  65°3'Li;  2/f  =  63°  55'Tl.     Found  with  caledonite.     Very 


LEPIDOLITE,  see  mica  group. 
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LKUCITE. 

Pseudo-isometric  KAlSi,0, 

Phys.  Char.  Usually  in  crystals  very  near  the  trape- 
zohedron  or  tetragonal  trisoctahedron 
in  shape;  loo  and  no  often  present 
as  modifying  forms.  Fine  striations 
due  to  twinning  common.  Also  gran- 
ular, or  massive.  Qcavage  ||  no  in- 
distinct. H.  =  5.5-6.  G.  =  2.45-2.50. 
Infusible.  Decomposed  without  gela- 
tinization  by  HCl. 

Opt.  Prop.  Microscopically 
leucite  is  found  to  present  very  weak, 
but  often  distinct,  birefringence. 
Much  study  of  the  subject  has  lead  to  the  conclusion  that  all  leu- 
cite crystallizes  in  the  isometric  system,  but  that  it  cannot  remain 
isometric  below  56o°C. ;  therefore  at  ordinary  temperatures  it  is 


Simple  crystal   form   of 


Fig.    Ul,     Sectlim  of  leucite  showing  Fig.   141.     Section  of  Icucltc  cryatals 

very    weak    blrefrirgenc*   and    compll-  showing  crystal   form   and   regular   In- 

caled  twinning.  In  leuclthe  from  near  elusions.    In    leucltke    from    near   Mt. 

Mt,    Clmlno,    near  Vlterbo.   Italy.    H.  Clmlno,    near    Vlterbo,    Italy.     H.    678. 

S78.    +   nlcols.   X    10.  One  nicol,   X   BO. 

only  pseudo- isometric,  and  probably  orthorhombic,  the  isometric 
form  being  composed  of  three  interpenetrating  orthorhombic  crys- 
tals twinned  on  i  lo.  The  orthorhombic  crystals  have  a  very  small 
optic  axial  angle  about  the  positive  bisectrix.  The  refringence 
is  low. 

(  +  )  2F  ::^  very  small 

n,-.  1.509    Kp—  1.508 
n.  — n„  =  0.001 
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Colorless,  white  or  gray.    Colorless  in  thin  section. 

Incl.  Leucite  often  contains  inclusions  (glassy,  or  of 
augite,  or  of  magnetite,  etc.)  which  are  usually  regularly  ar- 
ranged parallel  to  the  faces. of  the  enclosing  crystal;  sometimes' 
radially  arranged. 

Alter.  Leucite  alters  readily.  In  Tertiary  and  recent 
rocks  the  alterati(»i  product  is  commonly  analcite  (or  christian- 
ite)  ;  in  Paleozoic  rocks  the  alteration  product  is  commonly  the 
so-called  pseudo-leucitc,  which  is  a  mixture  of  albite  and  sericite, 
orthoclase  and  sericite,  or  orthoclase  and  nepheline. 

Pollucite  is  a  very  rare  silicate  [HjCs^Al^(SiO,),]  relatcJ 
to  leucite.  Conimonly  in  cubes,  modified,  or  massive.  Colorless.  H.  = 
6.5.     G.  =  2.9.     Isotropic.     n  =  1.5247  Na. 

DiAG.  The  low  refringence,  crystal  form  and  twinning, 
and  very  weak  birefringence,  distinguish  leucite  from  all  minerals 
except  analcite;  it  may  be  distinguished  from  analcite  (and  soda- 
lite)  by  its  higher  refringence  and  by  microchemical  tests  for 
potassium ;  if  heated  to  redness  analcite  loses  water  and  becomes 
opaque,  while  leucite  remains  unaltered. 

LEUCOPHANE. 

Orthorhombic  a:b:  c:  10.9939:  1:0,6722  Na(BeF)Ca(SiO,)y 

Prys.  Char.  Crystals  coatmonly  tabular  1 1  001.  Twinning 
frequent  with  no  or  001  as  twinning  plane;  interpenetration  twins  fre- 
quent. Massive  in  coltunnar  or  laminated 
forms.  Crystals  are  pseudoCetragonal  and  re- 
semble meliphdnite  closely  in  axial  ratio. 
a^vage  perfect  ][  OOi,  distinct  ]\  100  and 
010,  imperfect  (parting)  |)  o2i3nd90i.  H.  ^ 
4.  G.  =  2.96.  Fuses  at  3  with  intumescence  to 
clear  glass.     Insoluble   in  acids. 

Opt.  Prop.  The  plane  of  the  optic 
axes  is  parallel  to  lOO;  the  negative  acute  bi- 
sectrix is  normal  to  001.  Relief  marked.  Dis- 
persion p  >  v. 

(-)  2£  =  74'  (2^  =  39°) 

n,=  i.5W9    «„.=  i-5948    n^=t.5709 

n^~-ii^  =  0.027 

Color  white  to  green  or  yellow;  in 
thin  section  colorless. 

Occur.  Found  in  pegmatite  veins 
in  syenite  in  Norway.     Rare. 

DiAG.    The    optic    properties    with 
several  cleavages  are  quite  characteristic, 
giving  reactions  of  Be  and  F. 


LtUCOPHANEl 


010 


Flsure  \a. 

Optical    orlenlaUon   of 

leucophane. 

Chemically    distinguished   Iqr 


L.u.,..j.AjOti^lc 


LEUCOSPHENITE—UMONITE. 


BaNa^(TiOj)(SijO,),? 


LBUC05PHENITE. 

MoMOOJNic  d :  6 :  c : :  0.581 : 1 :  o.J 

.      ^  =  96- 37' 

pRVS.  Char.  Crystals  elongated  ||  c  or  flattened  ||  001;  often 
twinned  on  001.  Qeavage  distinct  ||  oib.  H.  =  6.5.  G.=305-  Diffi- 
cultly fusible  with  decrepitation.     Decomposed  by  HF. 

Opt.  Prop.  The  optic  plane  is  nearlj  parallel  to  «oi ;  the  acute 
bisectrix  X  is  nearly  parallel  to  a;  Yac  =  +  3''-  Dispersion  p>l' 
strong.    Color  white. 

(-)  2V  =  77-'a' 
rt,=  1.687    »„  =  1.6609    np  =  1.644s 


LMONITE 


LIBETHENITE,  see  olivenite. 
LIHONITE. 
Orthorbombic  Axial  ratio  unknown.  Fe4(OH)aO^ 

PhyS.  Char.  Crystals  unknown ;  commonly  jn  botry- 
oidal,  mammillary  or  stalactitic  forms  with  fibrous  texture ;  also 
concretionary,  massive,  earthy.  Fibers  elongated  |f  c,  and  radi- 
aliy  arranged,  in  stalactites.  Cleavage  1 1  100.  H.  =  5.-5.5.'  G  .= 
3-6-4.    Yields  H,0  in  closed  tube.    Soluble  in  HQ. 

Opt.  Prop.    The  plane  of  the  optic  axes  is  parallel  to 
the  cleavage  100;  the  negative  acute  bisectrix  is  normal  to  010, 
Refringence    very    high;    birefringence 
very  strong.    Optic  angle  large ;  disper- 
sion p>v  strong,  but  not  abnormal  as  in 
goethite. 

( — )   2V  =  large. 
n  =  2.s± 

H, Mp  =  0.048 

Color  yellow,  brown,  brownish 
black;  often  iridescent  on  the  exterior. 
Streak  yellowish  brown.  Luster  silky 
and  snbmetallic  to  earthy.  Translucent 
only  in  thin  section  with  distinct  pleo- 
chroism,  the  absorption  being  Y>Z>X, 
and  the  colors  Z  orange  yellow,  Y  brown- 
ish yellow,  X  clear  yellow. 

Imcl.       Inclusions    of    quartz, 
Vaoiinite,  manganite,  etc.,  are  abundant,     optical   —— 
and  explain  at  least  in  part  the  variations 
in  analyses. 


z. . 


[entatlon   of 
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Alter.  By  dehydration  limonite  passes  to  hematite. 
Turgite  (2Fe,0,  ■  H,0)  is  perhaps  merely  an  incomplete  stage  in 
this  process.  Limonite  is  a  common  result  of  oxidation  and  hy- 
dration of  ferruginous  minerals. 

Occur.  Limonite  is  extremely  common  as  an  altera- 
tion product  of  ferriferous  minerals.  It  is  found  in  all  kinds  of 
igneous  and  metamorphic  rocks;  it  is  formed  in  the  upper  part 
of  nearly  all  veins,  and  is  deposited  by  some  hot  springs  occa- 
sionally in  sufficient  abundance  to  serve  as  an  ore  deposit.  In 
sedimentary  rocks  limonite  is  also  abundant,  sometimes  serving  as 
an  ore.  It  also  forms  in  swamps  as  a  bog  iron  ore.  Native  iron 
changes  rapidly  to  limonite  when  exposed  in  most  climates.  Li- 
monite is  common  in  submicroscopic  particles,  staining  other  min- 
erals. 

DiAG.  Limonite  differs  from  goethite  optically  in  its 
large  optic  angle,  and  in  the  absence  of  abnormal  dispersion,  and 
from  lepidocrocite  in  its  pleochroic  formula,  and  in  having  the 
maximum  absorption  normal  to  the  elongation. 

LINARITE. 
MoNOCUNic  a:  i.:c:;  1.716:1:0,830  (Pb.Cu)  (OH)j(Pb,Cu)SO, 

^  =  7?°  23' 
Phys.  Char.    Crystals  elongated    ||   b,    often    tabular   ]|  001. 
Cleavage  very  perfect  ||  100,  imperfect   ||  001.    H.  =  2.S-     G.  :^  5 -3-5 ■45- 
Fuses  easily  to  a  globule  reducible  to  metal.     Partly  soluble  in  HNO^ 

Opt.  Prop.     The  optic  plane  and  obtuse  bisectrix  Z  are  normal 
to  010;  X  makes  an  angle  of  — 24°  with  001,  therefore  it  is  nearly  nor- 
mal to  I01.     Optic  angle  large;  dispersion  p<Cv  marked. 
(— )  2^  =  79°  59' 
»g  =  i-8593    n„=i.838o    »p=iA>92 
Hg  —  dp  =  0.050. 
Color  deep  a^iire  blue.     Streak  pale  blue.     Luster  vitreous  or 
adamantine, 

Altek.     Sometimes  alters  to  cerussite. 
Occur.    Found  in  veins  in  lead  mines.    Kare. 

LIROCONITB. 

Mono.  a:  &:f::  1.319:1:  1.681  Cu,Alj(OH),j(AsO^)g +aQH,0 

^  =  88°  33' 

Phvs.  Char.  Crystals  thin,  rhombic  octahedral  in  aspect; 
rarely  granular.  Cleavage  indistinct  {|  no  and  on.  H.=:2.-2.5.  G.^ 
2.88-2.98.     Fusible;  deflagrates  on  charcoal.     Soluble  in  HNO^. 

Opt,  Prof.  The  optic  plane  and  acute  bisectrix  X  are  normal 
to  010;  Z  makes  an  angle  of  —  25°  with  c.  Optic  angle  large;  dispersion 
p<f. 
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C-)  2E=i3a's/Na. 
Color  and  streak  sky  blue  to  verdigris  green.     Luster  vit 
inclining  to  resinous. 

Occur.    Found  in  veins  with  co{^r  wres,  pyrite,  quartz, 

Rare. 

UTHIOPHILITE,  see  triphylite. 

LORENZBNITS. 

Omhmhombic  o:  6:  c:  10.604: 1:0.359  Naj(Si,Ti,Zr)jOj 

Phys.  Char.  Crystals  prismatic,  elongated  ||  c.  Cleavage  dis- 
tinct II  120.     H.  =  6.     G.  =  342.     Easily  fusible.     Insoluble  except 

Opt.  Prop.    The  optic  plane  is  parallel  to  100;  the  acute  bisec- 
trix Z  is  nonnal  to  010.     Color  brownish.     Luster  adamantine, 
tion  colorless  to  pale  brown  or  violet  brown  witij  absorption  Y  >  Z  >  X. 
(+)  2E  =  72°.    »g=i.7876,  n„=?  n^=i.7A.V.  »,  — «^  =  0.0445- 
Occur.    Found  in  southern  Greenland.    Very  rare. 

LOEWEITE. 

Tetrawnal  c  =  1  Na^MgCSO,),  +  sJ^H^O 

Phys.  Char.  Massive,  cleavable.  Cleavage  distinct  ||  no. 
in  traces  II  III.    H.  =  2.5-3.    G.  =  2,37.    Soluble  in  H,0. 

Opt.  Prop.  Uniaxial  and  positive.  Refringence  low ;  «,  = 
1-4M,  »i,  =  i.49r;  «,  — »p  =  o.0Q3. 

Color  nearly  white  to  yellow,  reddish.    Luster  vitreous. 

Occur.    Found  in  salt  mines.    Very  rare. 

Biadite  [NajMg(SO^),-t-4HjO]  is  moroclinic  with  o:6:c:: 
1.34(1:1:0.670,  and  ^  =  79°  22'.  Crystals  short  prismatic.  Also  massive 
ITanular  or  fibrous.  Cleavage  unknown.  H.  ^  2.5.  G.  ■=  2.22-2.28,  Fu- 
sible. Soluble  in  H^O.  Somewhat  deliquescent.  Optic  plane  parallel  to 
010;  acute  bisectrix  Z  makes  an  angle  of  — 45°  with  c.  Inclined  disper- 
sion, with  p<w  marked.  2^  =  70°  5' Li;  n„  =  1.500.  Colorless  to  blu- 
ish green,  reddish  yellow,  brick  red.  Luster  vitreous.  Found  in  salt 
mines.    Rare. 

LUDLAMITE, 

MoKOCLiNic  o:fc:c::2.352: 1:1.982  Fe{OH)jFej(PO,), +  8H,0 

^  =  79°  27' 

Phys.  Char.  Crystals  tabular  [[  001.  Oeav^fe  perfect  ||  001, 
indistinct  ||  loa  H.  =  3.-4.  G.  =  3.12.  In  dosed  tube  decrepitates  and 
gives  off  wtter.     Soluble  in  HCI. 

Opt.  Prop.  The  optic  plane  is  parallel  to  010;  the  acute  bisec- 
trix Z  makes  an  angle  of  —67°  with  e.  Inclined  dispersion  very  slight 
with  p  >  v  weak.    aV  =  82°  as'. 

Color  bright  green;  streak  pale  greenish.  Luster  vitreous,  bril- 
liant, * 

Occur,    Found  with  siderite,  vivianite,  pyrite.    Very  rare. 


^dbyGoOgk' 


OPTICAL  MINERALOGY. 


MACNESIOFERRITE,   so 
Icite  group.     HAQNETITE, 

MALACHITE.      . 


spinel    group.     MAGNESITE,    : 
ee  spinel  group. 


MONOCLINIC 


(CuOH),CO, 


a:b:  c::o.88i:  i :  0.401 

Phys.  Char.  Crystals  usually  aclcular  prisms  grouped 
in  tufts ;  distinct  forms  rare ;  commonly  massive,  botryoidal,  stal- 
actitic  with  fibrous  textures;  also  granular,  earthy.  Twinning 
on  100  common.  Oeavage  perfect  ||  001,  imperfect  ||  010. 
H.  =  3-5-4-  G.  :=  3.0-4.  Fusible  at  2  with  green  flame  color. 
Soluble  with  effervescence. 

Opt,  Prop.  The  plane  of  the  optic  axes  is  parallel  to 
oio;  the  acute  bisectrix  X  makes  an  angle  of  235/^°  with  c,  or 
85'  with  the  cleavage  001.  Refringence 
high.  Birefringence  extremely  strong. 
Optic  angle  large. 

(— )  2V=  43°  54'  Na  (2£=89"  18'  Na) 
«„=  1.88  Na 
n,  —  »p  =  0.200 

Color  bright  green.  Streak  pal- 
er green.  Luster  adamantine,  silky,  or 
earthy. 

Occur.  Common  with  copper 
ores  as  a  product  of  surface  weathering. 
Found  both  in  veins  and  disseminated. 
Especially  abundant  where  copper  veins 
penetrate  limestone,  or  have  a  calcite 
gangue. 

DiAG.  Differs  from  atacamite 
in  having  inclined  extinction  in  the  ver- 
tical zone,  and  in  extremely  strong  bire- 
fringence. 

MANGANITE,  see  diaspore  group. 

MARCASITE. 

Orthorhombic 

Phys. 
commonly  in  ma 
Twinning  on  11 
Cleavage  distinct  || 


a:  &:<r:  10.766:  i:  1.234  PeS, 

Crystals  tabular  ||  oot,  or  pyramidal.  More 
-arious  shapes  with  radiating  or  fibrous  texture. 
rpeated ;  twinning  on  10 1  less  cwnmon. 
II  on.    H.  =  6.-6.5.    G.=48S-4«».    On 


charcoal  burns  with  sulphurous  odor.    Decomposed  by  HNOj. 
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Opt.  Pbop.  Opaque.  Color  pale  bronze  yellow.  Streak  gray- 
ish or  brownish  black.    Luster  metaltic.     Polishes  with  difficulty. 

Alter.  Alters  by  oxidation  much  more  rapidly  than  pyritc, 
and  gives  rise  to  melanterite,  or.  less  commonly,  copiapite.  At  the  same 
time  free  sulphuric  acid  is  produced,  which  is  an  active  agent  in  some  of 
die  processes  of  secondary  enrichment  of  ore  deposits.  At  other  times 
marcasite  alters  to  4imonite,  or  gothite,  or  hematite,  sometimes  with  the 
production  of  free  sulphur. 

OccuK.  Foiuid  abundantly  in  clay  in  coal  formations ;  in  metal- 
liferous veins  in  all  kinds  of  rocks  with  copper,  lead,  zinc,  etc.;  in  veins 
and  disseminations  in  limestones;  also  in  some  igneous  and  metamorphic 
roclts,  and  in  pegmatite  veins. 

Araenopyrite  or  miipickel  (FeAsS)  is  also  orthorhombic  witii 
ii;J:e::o.6?7;  1  :  1.188.  Crystals  prismatic  or  modified.  Also  in  colum- 
nar or  radiated  groups ;  massive  granular.  Twinning  like  marcasite. 
Qeavage  distinct  ||  110.  H.  —  5S'6-  G.  —  5-9-6.2.  Strikes  fire  with  steel 
giving  an  alliaceous  odor.  Decomposed  by  HNOj.  Opaque.  Color  silver 
white,  somewhat  grayish.  Streak  dark  grayish  black.  Luster  metallic. 
Found  especially  in  veins,  commonly  associated  with  ores  of  silver,  lead, 
tin,  gold;  also  found  in  crystalline  rocks,  and  in  serpentine. 

MARGARITE. 

MoNOCLiNic  Axial  ratio  near  that  of  bjotite.  HjCaAl^SijO,j 

Pevs.  Char.  Crystals  rare ;  in  thin  six-sided  plates ;  com- 
monly in  thin  lamellar  aggregates,  or  scaly  masses.  Twinning  on  the 
mica  law  common.  Cleavage  micaceous  {|  ooi ;  the  laminz  are  brittle 
and  inelastic.  Gives  a  percussion  figure  like  that  of  mica.  H.  =  3.5-4.5. 
G.  =  2.99-3.08.  Fuses  on  the  edges  after  turning  white.  Imperfectly  de- 
lomposed  by  hot  H^SO^. 

Opt.  Prop,  The  plane  of  the  opti 
negative  acute  bisectrix  makes  an  angle 
of  about  6°  with  a  normal  to  001 ;  this 
angle  is  somewhat  variable.  The  angle  of 
the  optic  axes  is  quite  variable;  axial  dis- 
persion p  <  V. 

(— )   3£  =  8o°-ias' 

"m  =  '-64-  I.6S 
n,  —  »ip  =  0.009  ± 

reddish,     white. 


is  normal  I0  Oio;  the 
MAROARITC 


alters 


Color  grayish, 
pink,  yellowish ;   colorless 

Alter.  Margari 
brownish  yellow  hydrous 
eral  known  as  dudleyite. 

Occur.  Margarite  is  found  in 
metamorphosed  and  altered  rocks  associ- 
ated with  corundimi,  from  which  it  is  often 
derived.  Also  found  in  mica  schist  with 
tournialine  and  staurolite. 

DiAG.    Margarite  differs  from  the  micas 


FlRure   US. 

Optical    orientation    < 

marsarlte. 


i  much  weaker 


1  ,Co(>t^lc 
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birefringence;  it  is  distinguished  from  chloritoid  and  chlorite  by  the  ab- 
sence of  color  in  thin  section. 

UARIALITE,  see  scapolite  group. 

HARSHITE. 

Isometric  *  ^*'a'i 

Phys.  Char.  Crystals  minuie,  tetrahedral.  Cleavage  ||  no. 
H.  =  2.s. 

Opt.  Prop.  Isotropic.  Refringence  extremely  high,  n^z.346 
Na.  Dispersion  greater  than  that  of  the  diamond.  Color  wine  yellow  to 
brick  red.     Streak  orange  yellow.     Luster  adamantine. 

Occur.    Found  with  cerussite  or  anglesite.    Very  rare. 

Hiertite  (Ag^I^)  is  like  marshite,  in  minute  cubes  of  pale  to 
bright  yellow  color.  Cleavage  ||  no.  Twins  on  in.  Isotropic  Found 
with  chalcocite,  etc.    Very  rare, 

MBIONITB,  see  scapolite  group. 

HELANTBRITE. 

MoNocuNic  a:b:c::  1.183 ■  i  ■  1-543  FeSO^  +  7HjO 

P  =  7S°  A4'/2' 

Phys.  Char.  Natural  distinct  crystals  unknown.  Commonly 
fibrous,  capillary,  stalactitic ;  massive,  pulverulent.  Cleavage  perfect  1 1 
001,  imperfect  \\  no.  H.  =  2.  G.  =  1.89-1.90.  Soluble  in  H.O;  taste 
astringent. 

Opt.  Prop.  The  optic  plane  is  parallel  to  010;  the  acute  bisec- 
trix Z  makes  an  angle  of  —61'  with  c.  Refringence  low.  Inclined  dis- 
persion weak  with  p  >  ». 

(+)  2V  =  86°i3' 

Color  green  to  white,  becomes  yellow  l^  alteration  to  copia- 
pile.     Luster  vitreous.     Streak  colorless. 

Occult.  Produced  by  atmospheric  alteration  of  niarcasite  and 
pyrite.    Rare. 

Pisanite  [(Fe,Cu)SO,-f  7H,0]  is  monoclinic  with  a:b:e:: 
1.161,1:1.511,  and  18  =  74°  38'.  Usually  in  stalactites  and  concretions. 
Cleavage  easy  [|  ooi.  Soluble  in  H^O.  Optic  plane  parallel  to  010;  acute 
bisectrix  Z  nearly  parallel  to  a ;  X  nearly  perpendicular  to  the  perfect 
cleavage  ooi.  2H, ^  85 "  52' Na,  Color  bright  blue.  Luster  vitreous. 
Found  in  copper  mines.     Very  rare. 

Boothite  {CuSO^-|-7HjO)  is  monoclinic  with  a:b:c::j.iGz: 
1 :  1.500  and  ^  =  74°  24'.  Usually  fibrous.  Cleavage  perfect  ||  001.  H,  ^ 
2.5.  G.  =  2.1.  Soluble  in  H^O.  Unstable  under  ordinary  conditions.  Op- 
tic plane  i^rallel  to  010;  acute  bisectrix  Z  nearly  parallel  to  a;  X  nearly 
perpendicular  to  perfect  cleavage  ooi.  Color  blue.  Found  in  copper  mires. 
Very  rare. 
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The  minerals  of  this  group  are  silicates  crystallizing  in 
the  tetragonal  system.  They  are  all  more  abundant  in  furnace 
slags  than  in  nature,  and  the  last  named  is  unknown  except  in 
slags. 

Gehlenite  c  =  0.4000  Ca.AljSi^O,,  or  Ca,AlA!Si,0,j 

Mdilite  e  =  0,4548  mCa^AlAlSijOj,  +  nCaj,CaSiSi,0,„ 

Akennanite  c=o.4S±  Ca^SijO,^  or  Ca,CaSiSi,0,|, 

The  composition  is  given  above  in  the  second  way  to 
show  the  relation  between  the  formula  of  gehlenite  and  that  of 
Slcermanite.  Vogt  considers  them  isomorphous  and  considers  that 
the  groups  CaSi  and  AIAl  may  replace  each  other  in  any  propor- 
tions. Furthermore,  since  gehlenite  is  negative  and  ikermanite 
is  positive,  their  combination  in  a  certain  proportion  should  lead 
to  an  isotropic  mineral.  This  proportion  according  to  Vogt  is 
four  parts  of  gehlenite  to  six  parts  of  Skermanite. 

It  should  be  remarked  that  the  formulas  given  above  are  sim- 
plified as  much  as  possible.  The  bivalent  base  is  often  partly  replaced  by 
Mg.  Na  ,  Mn.  Fe  or  K,,  while  the  trivalent  base  is  often  partly  replaced 
hj  Fe. 

GEHLENITE. 

Tetragonal  c  =  0.40006  Ca,AljSijO,, 

Phvs.  Chai.  Crystals  usually  short  square  prisms;  basal 
cleavage  imperfect,  and  cleavage  in  traces  parallel  to  the  prism.  H.  = 
S.S-6.    G.  =  2.(>-3.     Fuses  with  difficulty.     Gelatinizes  with  HO. 

Opt.  Prop.  Uniaxial  and  negative.  Usually  rectangular  in 
sections. 

B,=  i.663    "^=1.658 
Hj — «p  =  0.005-0.006 

Color  grayish  green  to  liver  brown;  colorless  in  thin  section. 
'  Alter.    Alters  to  steatite,  to  augite,  to  grossularite. 

Occur.  Rare  in  nature.  Found  at  Mt.  Monzoni  as  a  contact 
Diineral  in  limestone. 

DiAG.  Resembles  vesuvianite  and  zoisite,  but  zoisite  is  biaxial 
and  positive,  while  vesuvianite  has  higher  refringence  and  weaker  bire- 
fringence. 

MELILITE. 

TmAcoNAL  c  =  0.4548  mCa,AljSi,0,„  +  »iCa^Si,Oj, 

Phvs.  Char.  Usually  in  short  square  or  octagonal  prisms; 
sometimes  lamellar  parallel  to  the  base.  Qeavage  perfect  parallel  to  the 
base,  very  difficult  parallel  to  a  prism.  Cruciform  twins  rare  in  which  the 
Tertical  axes  are  at  right  angles.  H.  =  5.-5.5.  G.  =  2.9-3.1,  Fuses  at  3. 
Gelatinizes  with  HQ. 

Oft.  Prop.    Native  melilite  is  uniaxial  and  negative.    It  usually 
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approximates  the  composition  of  four  parts  of  gehlenite  and  three  parts 
of  Mcermanite.  According  to  Vogt.  as  the  proporticm  of  Skerroarite  in- 
creases the  birefringence  decreases  until  it  disappears,  and  the  mineral 
is  then  isotropic.  Further  increase  leads  to  the  reappearance  of  the  bire- 
fringence in  a  positive  uniaxial  mineral.  Such  wide  variations  of  compo- 
sition  are  found  onlj  in  slags. 

",=  1.633!)    "p  =  1.6251 
n,  —  «j=  0.005   (average) 

Color  white,  yellow,  brown;  colorless  to  yellow  in  thin  section. 

Inci-  Native  melilite  often  contains  cuneiform  inclusions  ar- 
ranged normal  to  the  base,  which  are  perhaps  alteration  products.  Arti- 
ficial melilite  often  shows  vitreous  or  crystalline  inclusions  regularly  ar- 

OccuR.  Found  rarely  in  basic  nepheline  and  leucite  rocks  as 
an  accessory  constituent ;  also  rarely  as  an  essential  constituent  of  melilite 
basalts.    Also  in  furnace  slags. 

Akennanite  is  similar  to  melilite  in  crystal  form  and  physical 
characters ;  it  is  known  only  as  a  product  of  crystallization  from  furnace 
slags  in  which  it  occurs  in  thin  tabular  crystals  with  cleavage  parallel  to 
110  and  perhaps  also  to  001.  Akermanite  is  positive  with  weak  birefrin- 
gence. 

DiAG.  The  high  refringence  with  very  weak  birefringence  and 
lack  of  color  are  distinguishing  characters.  When  the  cuneiform  inclu- 
sions are  present  they  are  quite  characteristic. 

HELIPHANITE. 

Tetragonal  c  =  0.658  NaCajBe^FSi^O,, 

!PHYS.  Char.  Crystals  often  obtuse  pyramids ;  also  in  plates 
or  lamellar  masses.  Cleavage  ||  001  distinct.  H.  =  5--S-5-  G.  =  3.00-3.02. 
Fuses  with  intumescence  to  a  white  enamel.     Insoluble  in  acids. 

Optv  Prop.  Uniaxial  and  negative.  Colorless  in  thin  section. 
Relief  marked.  Birefringence  strong.  The  interference  figure  is  some- 
times normal,  sometimes  distorted,  and  the  cross  opens  a  variable  amount, 
reaching  at  times  2E  =  36°.  A  single  plate  may  show  normal  and  abnor- 
mal interference  figures  in  different  parts. 

tij=  1.6126    «p=  1.5934 
fij  —  »P  =  0.0192 

Color  yellow,  orange;  rarely  reddish,  usually  due  to  alteration. 
Pleochroism  visible  only  in  thick  plates,  with  absorption  Z>X,  and  Z 
honey  to  brownish  yellow,  X  greenish   yellow. 

Occur.  Found  in  pegmatite  veins  in  alkaline  syenites  of  south- 
ern  Norway.     Rare. 

DiAG.  Distinguished  from  hiortdahlite,  wohlerite  and  livenite 
by  uniaxial  (or,  abnormally,  biaxial  with  small  optic  angle)  character 
and  insolubility  in  acids;  distinguished  from  leucophane  by  the  lack  of 
cokir  and  poor  cleavage. 
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MELLITE. 

Teisagonal  c  =  0.746  AljC„0„  +  i8H,0 

Phvs.  Char.    Crystals  pyramidal ;  massive  granular.    Cleavage 

in  traces  I|  iii.     H.  =  2.-2.s.     G.  =  1.55-1.65.     Soluble  in  HNO,. 

Oft.  Prop.    Negative;  uniaxial;  sometimes  abnormally  biaxial 

with  zE  =  8°  22' Li.     Birefringence- strong.     «,^i.S39;  »(p=i.Sii;  n, — 

ii,  =  o.oz8.     Color  honey  yellow;  also  browoish,  reddish,  white.     Streak 

while.    Luster  resinous. 

Occur.    Found  in  brown  coal.     Rare. 

UBSOLITB,  see  .zeolite  group. 

Hica  Groiq}. 

The  mica  group  includes  several  minerals  which  are 
motioclinic  and  pseudohexagonal  (or  pseudorhombcdiedral)  ;  they 
are  further  characterized  by  a  perfect  basal  cleavage  giving;  thin 
elastic  laminx;  optically  they  are  characterized  by  weak  bire- 
fringence in  sections  perpendicular  to  the  perfect  cleavage. 

Phys.  Char.  Crystals  of  all  the  micas  are  commonly 
thin  plates  of  hexagonal  oiitline,  with  the  planes  001,  no,  ilo, 
and  DIG.  In  all  of  them  the  angle  001 A 100  is  very  near  90°  and 
the  angles  iiOAifo  and  no  a  010  are  very  near  60".  A  blow  with 
a  dull  point  on  a  cleavage  plate  of  any  mica  develops  a  six-rayed 
percussion  figure,  one  line  being  more  distinct  than  the  other 
two.  (See  fig:ure  147).  This  line  is  parallel  to  010,  while  the 
other  two  are  parallel  to  no  and  ilo.  This  figure  makes  it 
possible  to  determine  the  position  of  010  in  any  cleavage  piece 
of  mica,  even  though  no  crystal  faces  are  present.  Pressure,  in- 
stead of  a  blow,  on  a  cleavage  plate  of  mica,  produces  a  six- 
rayed  pressure  figure  whose  lines  are  perpendicular  to  those  of 
the  percussion  figure.    H.  =  2.5-4.    G.  =  2.75-3.2. 

Twinning  is  common  in  all  the  mic^s.  The  twinning 
plane  in  the  "mica  law"  is  a  plane  normal  to  001  and  practically 
parallel  to  no;  the  composition  face  may  be  no  or  001,  or  the 
twins  may  combine  irregularly. 

The  micas  give  water  in  the  closed  tube;  they  are  fusi- 
ble before  the  blowpipe;  the  ferromagnesian  micas  are  attacked 
by  acids,  leaving  a  skeleton  of  silica ;  other  micas  are  nearly  or 
quite  insoluble. 

Opt.  Prop.  In  all  the  micas  the  negative  acute  bisectrix 
is  almost  exactly  perpendicular  to  the  basal  cleavage  ooi,  so  that 
cleavage  laminx  show  a  bisectrix.  The  plane  of  the  optic  axes 
is  parallel  or  perpendicular  to  010,  varying  in  different  species. 
The  percussion  figure  makes  it  possible  to  determine  the  position 
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Flrure  HI. 
Percuaalon  lUmre  (In 
lines)    and    pres- 
—  J  llKure   (In  dotled 
lines)   of  the  mlcaa. 

of  the  optic  plane  with  reference  to  oio  even  though  no  crystal 

face  be  present.     (See  figures   147-149).     The   ferromagnesian 

micas  are  usually  very  nearly  uniaxial ;  other  micas  usually  have 

a  larger  angle  of  the  optic  axes. 

The  birefringence  of  the  micas  is  always  very  strong, 
varying  from  0.04  to  0.05.  The  refringence  always  produces  dis- 
tinct relief  in  the  micas.  Absorption  is  very  strong  in  the  colored 
micas. 

The  dispersion  is  />>f  and  the  optic  plane  ts  normal  to 
OIO  in  muscovite,  paragonite,  lepidolitc,  and  anomite;  the  dis- 
persion is  p<v  and  the  optic  plane'  is  parallel  to  010  in  biotite, 
phlogopite,  and  zinnwaldite. 

The  micas  vary  in  color  in  the  different  varieties,  being 
colorless,  white,  gray,  yellow,  brown,  green,  black,  pink,  violet. 
Luster  vitreous  to  pearly. 

DiAG.  In  thin  sections  micas  are  characterized  by  dis- 
tinct relief,  strong  birefringence  fchlorites  and  clint(wiites  have 
weak  birefringence),  optic  orientation,  one  perfect  cleavage 
marked  by  fine  parallel  lines,  practically  parallel  extinction,  the 
mottled  appearance  between  crossed  nicols,  and  in  colored  vari- 
eties maximum  absorption  parallel  to  the  vibration  plane  of  the 
lower  nicol. 

The  species  of  the  mica  group  may  be  classified  as  fol- 
lows: 


Paragonite 

H,(Na.K)Al,(SiO.), 

Muscovite       a:b: 
Lepidolitc 

: :  0.57? : 

:  3-3 '3 

«=89'54'  H,(K.Na>Al,(SiO.)- 
(F.OH),(Li.K.Na>,AI.Si,0, 

Zinnwaldite 

(F.OH)  fLi.K.Na),FeAl,Si,b,^ 

Plilogopite 

{K.H),(MgF>,Mg,Al(SiO^)j 

Biotite            a:b:c 

i:o.S7?:i 

3-274 

(K.H),(Mg,Fe),(A1,Fe)j{SiO,>, 

Anomite 

^  =  9o'o 

idb,Go(5glc 
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The  composition  of  the  micas  is  very  complex,  and  not  yet 
fully  worked  out;  the  formulas  given  above  are,  in  part,  only  lapproxi' 
mate,  and  in  part  only  correa  for  some  varieties.  Anomite  is  distinct  op- 
tically from  biotite,  but  the  chemical  differences  are  not  certainly  known; 
Tschermak  assigns  to  anomite  a  formula  in  which  K  is  in  excess  over 
basic  H,  while  he  assigns  to  biolite  formulas  in  which  the  basic  H  is 
equal  or  in  excess  over  the  K. 

PARAGONITE. 

MoNociJNic    (PsEUDOH  EX  agonal)  Hj  (Na,K)  AI.^  ( SiO^ ) ,, 

Phvs.  Char.  Usually  massive  in  very  fine  scales;  also  com- 
pact. Perfect  basal  cleavage.  H.  —  2.5-3.  G.  —  278-2.90.  Gives  little 
water  in  the  closed  tube.  DifKcultly  fusible.  Some  varieties  (pregratltle) 
exfoliate  when  heated,  like  vermiculite,  and  become  milky  white  on  the 
edge.    Insoluble  in  acids. 

Opt.  Prop.    The  plane  of  the  optic  axes  is  normal  to  010;  the 
negative  acute  bisectrix  is  very  nearly  normal  to  001.     Relief  distinct; 
birefringence  very  strong.    Dispersion  p  >  f . 
M=i.6o 

Color  white,  grayish  or  greenish  white,  yellow.  Luster  pearly. 
Absorption  not  marked.     Z  :^  Y  >  X.     Colorless  in  thin  section. 

Occur.  Found  in  masses  in  some  crystalline  schists.  It  is 
possible  that  many  of  the  white  micas  formed  by  alteration  processes 
from  nepheline,  albite,  and  other  soda  minera.ls.  may  be  paragonite ;  they 
are  usually  considered  to  be  sericite  (variety  of  muscovite),  but  paragon- 
ite and  muscovite  cannot  be  distinguished  optically. 

DiAG.  Distinguished  from  talc  by  the  large  optic  angle :  only 
distinguishable  from  muscovite  and  lepidolite  by  chemical  tests.     Rare. 

MUSCOVITE. 

MoNOCLiNic  (Pseudohexagonal)  H,(K,Na)A1,(Si04), 

a  ib-.c::  0.577: 1:2.313 

^  =  89"  54' 

Phys.  Chab.  Crystals  usually  tabular  with  hexagonal 
outline,  sometimes  tapering.  More  commonly  in  lamellar  masses ; 
also  cryptocry stall ine  massive.  Twinning  on  the  mica  law  not 
rare.  Perfect  basal  cleavage  yielding  thin  elastic  lamella:;  also 
secondary  cleavage  or  parting  parallel  to  010,  and  to  several  unit 
pyramids  as  shown  in  the  percussion  figure.  H.  ^  2.5-3.  G.  := 
276-3.  In  closed  tube  gives  water,  and  often  fluorine.  Fusible 
3t  5-7  to  gray  or  yellow  glass.    Not  attacked  by  acids. 

Opt,  Prop.  The  plane  of  the  optic  axes  is  normal  to 
010;  the  negative  acute  bisectrix  X  makes  an  angle  of  0°  to  2' 
with  a  normal  to  the  base.  The  angle  of  the  optic  axes  is  about 
70°  (2E) ;  it  is  less  in  muscovite  rich  in  silica,  and  much  less  in 
muscovites  slightly  altered   (sericite,  damourite).     In  these  the 
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angle  may  decrease  nearly  to  0°.    The  relief  is  Sistinct  and  the 
birefringence  very  strong.    Dispersion  p>&. 

( — )2E  =  70°  (average)  60°  to  75° 

".=  1-5977  «-=  1-5936  Hp  =1.5601 

»i  —  «p  =  0.0376 

In  many  cases  twinning  lamellx  are  so  superposed  that 
only  the  very  thinnest  cleavage  Kales  are  homogeneous  in  orien- 
tation. 

Colorless,  gray,  brown,  pale  green,  etc.    Luster  vitreous 

to  pearly.     Streak  colorless.     In  thin  section  colorless,  except 

in  some  pleochroic  halos.    But  in  thick  plates  and  in  the  halos  of 

thin  sections  distinctly  pleochroic,  with  Z  =  Y  >  X,  and 

Z  =  Y  =r  pale  yellow  to  brown. 

X  =^  colorless. 

Incl.  Zircon  crystals  are  sometimes  found  as  inclu- 
sions ;  they  often  produce  pleochroic  halos  even  in  otherwise  color- 
less muscovite.  Other  minerals  sometimes  present  include  apa- 
tite, spinel,  garnet,  tourmaline,  quartz,  and  magnetite  or  hema- 
tite, the  last  in  dendritic  forms. 

Alter,  In  deep  seated  rocks  muscovite  is  stable;  in 
surface  rocks  it  may  weather  chiefly  by  hydration,  and  thus 
change  to  damourite  { "hydromica,"  sericite.  etc.),  serpentine 
minerals,  or  talc.  In  case  of  change  to  talc  hydrargillitc  probably 
forms  at  the  same  time.    Muscovite  may  also  alter  to  paragonite. 

Damourite  is  a  slightly  altered  muscovite  in  which  the 
water  is  cither  increased  or  becomes  less  closely  combined  than 
in  muscovite.  The  cleavage  laminae  are  flexible,  but  lose  their 
elasticity  as  the  change  progresses.  At  the  same  time  the  angle 
of  the  optic  axes  decreases  from  70°  to  a  minimum  nearly  un- 
iaxial. Thus,  the  damourite  of  Pontivy,  France,  has  2E  =  10" 
to  12°. 

Sericite  is  a  fine  scaly  or  fibrous  kind,  of  damourite ; 
the  name  is  also  sometimes  applied  to  unaltered  muscovite. 

Occur.  Muscovite  is  the  most  common  of  the  micas. 
It  is  a  normal  constituent  of  many  igneous  rocks,  especially  the 
granites.  It  is  an  important  constituent  of  gneiss  and  micaschist 
and  various  related  rocks.  It  occurs  in  large  crystals  in  veins 
and  dikes,  especially  iri  pegmatite.  It  occurs  in  various  rocks, 
also,  as  a  decomposition  product,  being  derived  from  many 
sources,  as,  feldspar,  nephelite,  scapolite,  spodumene,  cordierite, 
cyanite,  topaz,  etc.    It  occurs  sparingly  in  sedimentary  and  frag- 
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mental  rocks,  but  metamorphism  may  develop  it  in  these  rocks. 

Fuctaaite  is  a  variety  of  muscoviie  containing  Cr^O,,  replacing 
AljOj(to  4%)-  In  fuchsite  2£  =  68°-?o°  with  p>r.  Fuchsite  is  green 
with  distinct  pleochfoism  as  follows:  Z=;Y;=  green;  X  =  colorless.  In 
thick  sections  Z  =  dark  bluish  green ;  Y  =  yelEowish  green  ;  X  =  pale 
greenish  blue.  Fuchsite  is  found  in  micaceous  quartzites,  mica-schisls, 
and  sparingly  in  gneisses  and  dolomites. 

Leverri£rite  is  a  hydrous  aluminum  silicate  considered  by  somi: 
writers  i  variety  of  kaolinite.  by  oihers  a  variety  of  mica.  It  has  twin- 
ning on  the  mica,  and  also  other,  laws;  micaceous  cleavage.  H.=  1.5. 
G.  ^=  2.6.  Occurs  in  vermicular  forms  which  have  been  mistaken  tor  or- 
ganisms and  called  bacillarites.  The  plane  of  the  optic  axes  is  parallel 
to  010,  and  the  negative  acute  bisectrix  very  nearly  normal  to  001.  the 
basal  cleavage.  2F  =  o°-£0''.  varying  even  in  a  single  lamella,  usually 
:ibout  uniaxial.  n,  nearly  ;=»,„  =  1.582;  m^^  iSS4:  n,  —  Bp;=  0.028. 
Leverrierite  contains  a  brown  (organic?)  pigment,  Pleochroism  distinct, 
in  thin  section  with  Z  =  clear  brown ;  Y  —  dark  brown ;  X  ■=  colorless. 
Leverrierite  is  common  in  black  carbonaceous  shales  in  parts  of  prance; 
also  found  in  porphyry. 

Chromocre  is  probably  a  cryptocrystalline  variety  of  muscovite 
very  rich  in  chromium.  It  occurs  in  earthy  or  granular  masses  of  minute 
globules  with  lamellar  texture.  Cleavage  perfect  ||  001.  H.  =  i.  G. — 
2.47.  Insoluble  in  acids.  The  acute  bisectrix  X  is  normal  or  nearly  nor- 
mal to  the  cleavage  coi.  The  optic  angle  is  very  small.  Color  apple 
preen  lo  dark  green.  Pleochroism  weak  and  variable  in  thin  section  with 
Z  =  Y  bright  green,  X  yellowish  green  to  colorless.  Foimd  in  .'ilates  and 
quartz  veins.  Differs  from  glauconitc  in  its  brighter  green  color  and 
presence  of  chromium. 

DiAc  Muscovite  is  distinpfuished  from  pale  phlogopite 
by  the  position  of  the  optic  plane,  from  talc  by  the  large  optic 
angle,  and  from  kaolinite,  chlorite,  etc.  by  the  strong  birefrin- 
gence. Distinguished  from  lepidolite  and  paragonite  only  by 
chemical  tests. 

LEPIDOLITE. 

MoNocLiNic  (Li.K)[AI(F.OH)J.\l(SiOj)^ 

Phvs.  Chab.  In  aggregates  of  short  prisms,  or,  more  com- 
monly, in  lamellar  aggregates  more  of  less  compact.  Micaceous  cleavage 
II  001.  Twinning  on  the  mica  law.  H.  =  2,5-4.  G.  :=  2,8-2.9.  In  the 
closed  tube  gives  water  and  fluorine.  Fusible  at  2.5  with  intumescence. 
Incompletely  decomposed  by  acids. 

Oft.  Prop.  The  plane  of  the  optic  axes  is  normal  to  oio*; 
the  negative  acute  bisectrfix  is  very  nearly  normal  to  001.  Relief  per- 
ceptible ;  birefringence  very  strong.     The  angle  of  the  optic  axes  is  quite 

(Ball.  2fi2.   V.  n.  n.  a.)  aescribee  lepiiJollte  (lom  California 
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variable.     Dispersion  p  >  v;  also  crossed  dispersion. 

C-)  2E  =  57°-S3'. 

«,  =  i.6047    n„='S97S    «^=i.s6± 

«,— »ip  =  0.O37  ± 

Color  pink,  red,  violet,  yellow,  gray,  colorless.     The  conimon 

pink  color  is  supposed  to  be  due  to  traces  of  manganese.     Luster  pearly. 

Colorless  in  thin  section ;  in  thick  sections  distinct  pleochroism,  as  fol- 

Z  =  Y  =  pink. 
X  :=  colorless. 
Occua.    Found   exclusively    in   veins   and   pegmatite    dikes    in 
granite,  gneiss,  etc.,  often  associated   with  cassiterite,  tourmaline,   ambly- 
gonite,  spodumene,  etc.    Often  found  in  parallel  growths  with  ntuscovite. 
DiAa    Microscopically    indistinguishable    from    muscovite    and 
paragonite.     Megascopically,  the  pink  color  is  often  distinctive;   further, 
the  fusibility,  and  the  reaction  for  lithium. 

ZINNWALDITE. 

MoNOCLiNic  (Pseudohexagonal)  (F,OH)j(Li,K,Na)jFeAljSi,0,, 

Phys.  Cha>.  Crystals  often  in  fan-shaped  groups  or  rosettes ; 
more  commonly  in  isolated  or  aggregated  lamellx.  Very  similar  to  bio- 
tite.  Micaceous  cleavage  ||  001.  Twinning  on  the  mica  law.  H.  =  ^5-3. 
G.  =  2.8-3.2.  Fusible  at  1.5-2  to  black  glass.  Gives  water  and  fluorine  in 
the  closed  tube.    When  finely  powdered  completely  soluble  in  acids. 

Opt.  Pkop.  The  plane  of  the  optic  axes  is  parallel  to  010;  the 
negative  acute  bisectrix  is  very  nearly  normal  to  OOi ;  Xac  =  0*-7*. 
Relief  marked ;  birefringence  very  strong.  Angle  of  optic  axes  variable 
in  different  varieties.     Dispersion  p<i'  weak. 

(— )  2V=io'-(io'  2E  —  5o''-65''  usually. 

Color  pale  violet,  yellow,  gray,  brown ;  in  thin  section  pleochroic 
with  absorption  Z>Y>X,  and  pleochroism  as  follows; — 

Dark  varieties.  Light  colored  varieties. 

Z  =^  dark  brown  brownish  gray 

Y  =  dark  brown  brownish  gray 

X  ^  yellowish  brown  or  reddish     nearly  colorless 

Incl.  Rutile,  lircon,  cassiterite  and  topaz  often  occur  as  in- 
clusions, usually  surrounded  by  pleochroic  halos. 

Occur.  Found  In  veins  in  granite  with  tin  ores,  topai,  etc 
Also  in  pegmatitic  veins  in  other  rocks,  as  syenite,  gneiss,  etc.     Rare. 

CryofihylliU,  polyliihionite ,  and  irvingile^  are  varieties  of  ilnn- 
waldite  or  lepidolite  characterized  by  low  alumina  and  somewhat  variable 
proportions  of  the  alkalies,  Cryophyllite  is  pleochroic  in  thin  section  with 
Z  =  y  brownish  red,  X  emerald  green. 

DiAC.  Distinguished  from  lepidolite  (also  muscovhe  and  par- 
agonite) by  the  position  of  the  optic  plane.  The  optic  angle  is  usually 
much  larger  than  in  biotite  or  phlogopite,  but  a  chemical  test  for  lithium 
is  more  conclusive. 

'8.  Weldman,  O.  .V.  H.  8.  Wit.  liull.  XVI.  p.  297, 


LU.,..J.,C0(>^^[C 


PHLOGOPITE—BIOTITE. 


PHLOGOPITE. 


Mono.  ( Pseudohexagonal)  CK,H),(MgF),Mg,Al(SiO.), 

Phys.  Char.  Crystals  often  large  and  coarse;  usually 
in  six-sided  prisms,  very  short.  Similar  to  biotite.  Micaceous 
cleavage  ]|  ooi.  Twinning  on  the  mica  law.  H.  =  2.5-3.  G.  = 
2.78-2.85.  Fuses  on  the  thin  edges  after  turning;  white.  Com- 
pletely decomposed  by  sulphuric  acid  leaving  scales  of  silica. 

Opt,  Prop.    The  plane  of  the  optic  axes  is  parallel  to 

010;  the  negative  acute  bisectrix  is  very  nearly  normal  to  001. 

Relief  marked ;  birefringence  very  strong.     Angle  of  the  optic 

axes  small,  but  variable  even  in  a  single  crystal.   Dispersion  p<i;. 

(— )  2£  =  o°-30° 

It,  =  1.606  approx.     ttm  =  1.606    «p  =  1.562 

«,  — np  =  0.044 

Color   yellowish   brown,  brownish   red,   green,   yellow, 
colorless ;  usually  pleochrcic  in  thin  section,  with  Z  >  Y  >  X,  and 
Z  =:  Y  =:  brownish  yellow 
X  =  colorless 

Imcl.  Inclusions  are  common,  and  they  cause  asterisni 
on  account  of  their  arrangement  along  lines  at  about  60°  apart. 
They  consist  of  hematite  or  rutile,  or  tourmaline,  or  an  unknown 
mineral  of  low  relief  and  strong  birefringence. 

Occur.  Phlogopite  seems  to  be  found  only  in  crystal- 
line limestones,  dolomites,  and  serpentines.  Absent  or  very  rare 
in  igneous  rocks. 

DiAG.  Phlt^opite  is  distinguished  from  muscovite,  para- 
gonite  and  lepidolite  by  color,  and  the  position  of  the  optic  plane. 
Differs  from  zinnwaldite  usually  in  its  smaller  optic  angle,  and 
from  zinnwaldite  and  biotite  in  its  mode  of  occurrence ;  but  chem- 
ical tests  to  show  the  relative  absence  of  lithium  and  iron  may 
be  needed. 

BIOTITE. 
Mono.   (Pseudohexagonal)    (K,H),(Mg.Fe),(AI,Fe)i(SiO,), 
a:b:c::o.5S7-  1 :  3274 
j8  =  90"  o' 
Phys,  Char.    Crystals  often  much  flattened  prisms  with 
hexagonal  outline;  more  rarely  triangular  outline.    Often  in  dis- 
seminated scales  or  lamellar  aggregates.     Twinning  common  on 
the  mica  law ;  often  very  thin  lamellie  superposed  in  twinning 
position.     This  condition  can  be  detected  only  by  crystal  faces. 
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or  by  varying  pleochroism  ||  Z  and  Y  in  varieties  with  relatively 
large  optic  angle.  Perfect  basal  cleavage  yielding  thin  elastic 
laminae;  also  parting  ||  oio,  ill,  and  several  other  pyramids, 
thus  giving  the  pressure  and  percussion  figures.  H.  =  2.5-3. 
G.  =:  2.7-3.2.  Whitens  and  fuses  on  thin  edges  before  the  blow- 
pipe. Decomposed  by  sulphuric  acid  leaving  the  silica  in  scales. 
Gives  water  and  sometimes  fluorine  in  the  closed  tube.  Often 
bent,  twisted,  or  even  broken  in  rocks  that  have  been  under  strain. 
Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to 
010;  the  negative  acute  bisectrix  is  very  nearly  normal  to  001, 
The  angle  of  the  optic  axes  is  practically  zero  in  most  biotite  of 
igneous  rocks;  an  angle  (2£)  greater  than  20°  is  quite  rare,  but 
this  angle,  especially  in  dark  biotite,  occasionally  reaches  70°. 
The  relief  is  distinct,  and  the  birefringence  very  strong,  being 
stronger  in  biotites  rich  in  iron.  Dispersion  very. weak  p<.v. 
(— )   2E  =  iisually  near  0°    (o°-  15°) 

=:  less  commonly  is'-ao";  rarely  30°  to  70°. 

H,  =  1.638-I.574   (varies  directly  with  iron  content). 

»tm  =  nj  nearly     (varies  directly  with  iron  content). 

np=  1.586-1.541    (varies  directly  with  iron  content). 

n J  —  Op  =  0.033-o.oto  (varies  directly  with  iron  content). 

Color  black,  green,,  brown,  red,  brownish  yellow.  Lus- 
ter splendent  more  or  less  pearly  on  cleavage  face,  and  vitreous 
on  lateral  faces.  Streak  colorless  or  gray.  In  thin  section  the 
absorption  is  often  Z  >  Y  >  X,  but  sometimes  it  is  Y  >  Z  >  X  ; 
usually  the  absorption  ||  Z  and  ||  Y  is  practically  equal.  Pleo- 
chroism is  very  distinct,  as  follows:— 

Dark    yelloiv  Briwn  Dark    brown  Grfn 

Z=golden   yellDir  reddLsn   brown  dark    to   opanu«        grasn  treen   to 

T=reddlsh    brown       leddlah   brown  dark    to   opaque        grass  Kreen   to 

X=coIor1pBa  pure  yellow  pure  yellow  pale  to  dark 

yellow 

Tncl.  Plef.chroic  halos  are  more  abundant  about  in- 
clusions in  biotite  than  in  any  other  mineral.  These  inclusions 
may  be  zircon,  apatite  or  titanite;  less  commonly  allanite,  rutile, 
or  fluid  inclusions.  The  pleochroism  in  the  halos  is  similar  in 
color  and  position  to  the  pleochroism  of  the  biotite  itself,  but  it 
is  more  intense,  so  that  the  halo  is  often  opaque  \\  Z  and  1|  Y. 
The  refringence  and  the  birefringence  are  greater  in  the  halo 
than  in  other  parts  of  the  bictite.  If  the  biotite  be  heated  to  a 
high  temperature  Cbut  not  fused)  the  halos  disappear. 

Alter.  Biotite  alters  readily  to  chlorite;  this  alteration 
may  be  direct  or  it  may  be  indirect.     In  the  latter  case  a  brown 
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biotite  first  changes  color  to  green,  and  the  laminae  become  flex- 
ible and  inelastic;  still  the  birefringence  remains  very  strong. 
Finally  the  green  color  becomes  paler,  the  birefringence  decreases, 
and  chlorite  results,  often  accompanied  by  epidote,  calcite,  quanz, 
etc.  At  the  same  time  rutile,  octahedrite,  or  brookite  may  be 
formed. 

Biotite  is  sometimes  altered  by  the  loss  of  the  alkalies 
and  hydrogen  to  a  brown  or  yellow  mineral  with  bronze  luster. 
This  mineral  has  soft,  flexible,  inelastic  laminje;  heated  to  ic»°  • 
C.  it  loses  water,  at  a  higher  temperature  it  exfoliates  and  opens 
out  into  worm-like  forms  (hence  the  name  vermiculite) .  It  pos- 
.lesses  the  strong  birefringence  and  other  optical  characters  of 
biotite  and  the  micas.  This  strong  birefringence  distinguishes  it 
sharply,  from  the  chlorites.  The  chemical  composition  of  the 
mineral  is  not  well  known,  but  it  seems  to  be  quite  variable,  as 
if  there  were  a  group  of  vermiculites. 

Biotite  suffers  noteworthy  modifications  imder  the  meta- 
morphosing action  of  heat  {and  pressure).  Very  often  the  ex- 
terior of  the  biotite  changes  without  loss  of  form  to  magnetite, 
sometimes  accompanied  by  augite;  finally,  biotite  may  recrystal- 
lise,  at  least  in  part.  In  other  cases  the  biotite  may  be  modified 
in  part  to  hematite,  or,  by  more  heat,  to  magnetite,  spinel  and 
hypersthene,  with,  more  rarely,  sillimanite  and  recrystallisations 
of  biotite. 

Occur.  Biotite  is  an  important  constituent  of  many 
igneous  rocks,  being  found  in  eruptive  rocks  of  all  ages  and 
nearly  all  classes.  It  is  also  found  in  various  metamorphic  rocks, 
such  as  gneiss  and  micaschist,  where  it  may  accompany  or  re- 
place the  muscovite.  It  is  a  product  of  both  r^ional  and  contact 
metamorphism,  but  phlogopite  is  much  more  abundant  in  crystal- 
line limestone,  dolomite,  etc.,  than  biotite.  Finally,  biotite  is  found 
"n  unaltered  sedimentary  rocks  (usually  altered  to  chlorite)  where 
it  has  been  deposited  from  suspension. 

RoKoelite  is  a  vanadium  mica  of  doubtful  formula,  perhapii 
H.K.(Mg,Fe)(At,V)/SiO,)„.  It  is  like  biotite.  but  has  C,  =  3.92-2.94- 
and  reacts  for  vanadium.  Negative  acute  bisectrix  normal  to  basal  cleav- 
age. Optic  angle  moderate;  dispersion  p<Cf.  Color  dark  clove  brown 
to  dark  ,  brownish  green.  Pleochroism  distinct.  Foitnd  closely  associated 
wilh  gold  ores,  especially  gold  tellurides.     Rare. 

DiAG.  Biotite  differs  from  the  alkaline  micas  in  the 
position  of  the  optic  plane,  the  small  optic  angle,  and  the  color 
and  pleochroism.    It  has  darker-  color  than  phlogopite. 
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ANOHITE. 

MoNocLiNic  (K,H).{MB,Fe),(Al,Fe),(SiO^), 

Phys.  Char.  Very  simitar  to  biotlte,  of  which  it  is  usually 
considered  a  variety.  But  it  differs  optically,  and  Tschermak  assigns  to 
it  a  formula  containing  an  excess  of  K  over  basic  H,  while  he  believes 
biotite  to  contain  as  much  (or  more)  H  as  K.  Twinning  on  the  mica 
law  very  common. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  norma!  to  oio;  the 
negative  acute  bisectrix  is  nearly  normal  to  oai,  but  in  general  makes  a 
greater  angle  with  a  normal  to  ooi  than  in  biotite;  this  angle  may  reach 
4'  in  anomite,  and  in  such  a  case  the  twinning  laminae  are  easily  dis- 
tinguished in  sections  normal  to  OOI.  The  angle  of  the  optic  axes  is  usu- 
ally very  small  (2£  — about  10°),  but  it  may  reach  much  larger  anf^es 
(25°,  40°,  68°).  The  dispersion  is  somciimes  p>»,  but  more  commonly 
pK.v.  The  color  of  anomite  is  always  brown  or  reddish,  never  green. 
The  pleochroic  colors  are  those  of  brown  biotite.  The  absorption  is  some- 
times Z>Y.  sometimes  Y  >  Z,  but  always  X<Y  and  Z. 

Occur.  Anomite  is  similar  to  biotite  in  its  mode  of  occur- 
rence, but  is  not  so  common. 

HICROCLINE,  see  feldspar  group.  HICROSOHHITE,  see 
nephelite  group.  HIERSITE,  see  marshite.  HILLBRITE,  see  cin- 
nabar group.    UIHETITE,  see  apatite  group. 

MIRABILITE. 

MoNOCLINlc  a:b:c::  I.II6:  I:  I.237 

p  =  n'  >S' 
Phys.  Char.  Crystals  like  pyroxene 
in  habit  and  angles.  Usually  in  efflorescent 
crusts.  Twinning  on  100  rare.  Qeavage  per- 
fect II  100,  in  traces  ||  001  and  010.  H.  =  1.5-2. 
G.  =  i.48.  Soluble  in  H,0;  taste,  cool,  then 
bitter. 

bisectrix 


Na.SO,  +  ioH,0 


Opt.  Prop.    The  optic  plane  and  acute 

X  are  normal  to  010;  the  axis  Z 
n  angle  of  -^3I''  with  e  in  red  light  and  ., 

in  blue  light.  Crossed  dispersion 
tE  =  122°  48*  Li.     Color  white. 

Occur.  Abundant  in  some  hot 
springs :  formed  in  quantity  from  some  salt 
lakes;  also  formed  by  the  action  of  volcanic  gas- 
es upon  salt  water. 

DiAG.  Distinguished  by  its  mode  of 
occurrence,  its  crystal  form,  its  efflorescent  char- 
acter, and  its  taste.    Optically,  it  ts  negative,  with 


Optlcii   orientation   of 
mlrabllite. 
large  extinction  angle,  large  optic  angle,  and  strong  dispersion. 

HOISSANITE 

Rhombohedral  c-=  1.2264  SiC 

Phys.  Char.    Crystals  usually  thin  hexagonal  basal  plates  often 
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perfect  on  <Mie  side  only;  rhombohedral  faces  small.  Twioning  on  loli 
rare.  Cleavage  or  parting  poor  ||  0001;  fracture  conchoidal,  distinct 
H,  =9.5+.  G.  =  3-oS  -  3-23-  Infusible,  but  dissociates  at  about  340O''C. 
Insoluble  even  in  HF. 

Opt.  Prop.  Uniaxial  and  positive.  Jewell  ^  reports  the  refrin- 
gence  very  high,  the  birefringence  extremely  strong,  and  the  dispersion 
remarkably  great,  as  follows: — 

U  Na  Tl  CuSO^ 

n,  =  2.86  2.97  3.07  32s 

«(,  =  2.76  2.83  2.90  3.03 

n^  —  n^  =  Q.iQ  0.14  0.17  a22 

Measurements  of  the  refractive  index  in  sodium  light  by  the 
method  of  Chaulnes  verify  Jewell's  determinalion  for  the  ordinary  ray 
(ftp),  but  the  interference  figure  from  basal  plates  indicates  a  birefringence 
much     nearer  that  of  quartz  than  that  of  calcite.     [A.  N.  W,] 

Colorless  when  perfectly  pure,  but  usually  colored  green,  blue, 
red,  black,  by  small  amounts  of  iron,  alumina,  carbon,  etc.,  present  as 
inqiurities.  Further,  surface  films  of  silica,  often  present,  produce  irides- 
cent colors.     Luster  brilliant  adamantine, 

Occus.  Found  by  Moissan  in  the  Canon  Diablo  meteorite.  It 
is  an  important  artificial  product  of  the  electric  furnace  known  commer- 
cially as  carborundum. 

MOLYBDENITE. 

Hexagonal  c  =  1.908  MoS^ 

Phvs.  Char.  Crystals  tabular  ||  0001,  or  short  prismatic; 
commonly  foliated  massive.  Cleavage  perfect  ]|  0001;  laminz  flexible 
inelastic  Feel  greasy.  H.  ^=  1.-1.5.  G.  ^  4.7-4.8.  Infusible.  Decom- 
posed by  HNO,. 

Opt.  Pbop.  Opaque.  Color  lead  gray.  Streak  slightly  green- 
ish (on  glazed  porcelain).    Luster  metallic. 

OccuB.  Found  embedded  or  disseminated  in  crystalline  lime- 
stone, gneiss,  vein  quartz,  granite,  etc.    Alters  easily  to  molybdite. 

MOLYBDITE. 

Okthorhombic  a-.b.c-.-O.jHT.  t  :a475  MoO, 

Phvs.  Chak.  Crystals  capillary,  tufted,  massive  fibrous, 
earthy.  Cleavage  distinct  It  001,  in  traces  ||  100  and  010.  H.=  1.-2.  G.— 
4.49-4.5.    Easily  fusible.     Soluble  in  HCl. 

Opt.  Pbop.  The  optic  plane  is  parallel  to  100;  the  acute  bisec- 
trix Z  is  normal  to  ooi.  Birefringence  strong;  n,  —  ng  =  0.aoo.  Extinction 
parallel  to  positive  elongation.  Dispersion  p  >  c  strong.  2H^  =  II9°23' 
Na.  C!olor  pale  to  orange  yellow.  In  thin  section  strongly  pleochroic 
with  Z  dark  orange  yellow,  Y  ^r  X  pale  yellow. 

Occur.    Found    with   molybdenite    from   which    it    is    derived. 

MOLYBDOPHYLLITE. 

Hexagonal  {Pb.Mg),Si0,  -|-  H^O 

Phys.   Char.    Crystals   unknown;    in  lamellar  masses.     Per- 
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cushion  figure  distinct,  like  micas.     Qeavage  perfect  ||  oooi.     H.  =  3.-4. 
G.  =  4.72.    Slowly  fusible  to  a  gray  porcelain. 

Oft.  Prop.    Uniaxial  and  negative.     Color  pale  green.     Color- 
less in  thin  section. 

n,=  i.8i48Na    «^=i.76ilNa 

«,  —  <;p  =  0-0537 
Occur.    Found  with  haiismannite  in  limestone.  Ver;  rare. 

HONAZITE. 

MoKOCLiNic  a:b:c:  :  0.969:  I  :0.g26  (Cc.La.Di)PO, 

^  =  76°  20' 

Pkvs.  Char.  Cry.stals  usually  small  tablets  ||  loo;  sometimes 
elongated  )[  Tii.  or  ||  b.  In  sauds,  rolled  grains  occur.  In  gneisses,  mi- 
croscopic crystals.  In  pegmatites  sometimes  larger  crystals.  Cleavage  || 
100  distinct:  |{  010  difficult.  Parting  {{ 
distinct,  sometimes  ab.sent.  Twinning 
4.9-5-3.     Infusible.     Difficnltly  soluble  in  HCl. 

Opt.  Prop.  The  plane  of  the  optic 
positive  acute  bisectrix  makes  an  angle  of  3" 
lo  6°  with  the  vertical  axis  in  the  obtuse 
angle  p.  The  relief  is  high  and  the  birefrin- 
gence is  very  strong.  The  angle  of  the  optic 
axes  is  smalt.  Dispersion  weak  p<f;  also 
weak  horizontal  dispersion. 

(-I-)  2E  =  2i°  1031°   (aF^is"  to  15°) 

n,=  i,84ii  «^  =  i.796s  «,,=  l.79h7 

",  —  %  =  00454 

Color  yellowish  10  reddish  brown. 
or  red:  pleochroism  absent  in  thin  section, 
but  absorption  is  distinct  from  colorless  to 
yellowish  with  Y>Z  =  X. 

OccL'R.  Occurs  sparingly  in  mi- 
croscopic crystals  in  some  granite,  gneiss,  ap- 
lite,  and  pegmatite.  Also  in  sands  derived 
from  these  rocks.  Thus  in  Brazil,  North 
Carolina,  etc. 

DiAG.     Distinguished     from     olivine 
hy  the   small   opiic  angle;   distinguished   from 
litanite  by  much  weaker  birefringence,  a  smalli 
dispersion,  and  the  form. 


MONTICELLITE,  see  < 
lite  group.    MORENOSITE, 


ne  group.     HORDENITE,  see   zco- 

epsomite  group. 


UOSANDRITE  and  JOHNSTRUPITE. 


Ce,Ca.Na,(F,OH).(SiO,)- 


Phvs.    Char,     Usually    in    long   prismatic    crystals,    sometimes 
flattened  ||   lOO;  vertical  faces  striated.     Also  in  laminae.     Cleavage  dis- 
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MOSANORITE 


lincl  II  loo;  in  traces  in  thin  sections  ||  010,  and  probably  |j  001.  Twin- 
ning common  on  loa  H.  =  4.-4.5.  G.  =  2.93-3.07  (mosandrite) ;  3.io-3,2Q 
(johnstrupite).  Gives  water  in  the  closed  tube.  Fuses  with  uitunws- 
cence  at  3.  to  a  brown  or  gray  glass.  Readily  soluble  in  HCI  with  sep- 
aration of  silica;  the  dark  red  solution  gives  oil  chlorine  when  heated, 
and  turns  yellow. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to  010;  the 
obtuse  bisectrix  makes  an  angle  of  about  2°  with  c.  Twinning  on  100 
often  polysynthecic.  Refringence  high ;  bire- 
fringence variable,  as  in  epidote,  with  which 
these  minerals  are  sometimes  comparer!. 
Angle  of  the  optic  axes  large  about  the  posi- 
tive bisectrix.  Dispersion  p>v  strong;  also 
weak   inclined  dispersion. 

Mosandrite.    Johnsirupite 
(+)  2F=      ?4°  70= 

«,=  i6577 

n^=i.649o       1.546    (?i.64(i) 
»P=  1.645s 
n^  —  Kj,  =  oxiiaz 

Color  brownish,  green,  reddish 
brown,  yellowish ;  streak  yellowish  green  or 
pale  yellow.  Colorless  to  pale  yellow  without 
pleochroism  in  thin  section ;  in  thick  plates 
absorption  Z  >  Y  >  X  with  Z  =  greenish  yel- 
low,   Y  =  brownish    yellow ;    X  =  bright    yel- 

Incu     Often   contain    inclusions    of  moaandiH 

fluorite,  eucolite.  etc, 

Alteb.     Alter   easily   to  dark   bro 
stance ;  calcite  and  xgirite  may  also  form. 

Occur.    Found    in    pegmatite    in    eleoliti 
rocks  in  Norway.     Rare. 

DiAO.  Distinguished  from  rinkite  by  the  position  of  the  plane 
of  the  optic  axes  and  the  ttrong  dispersion  p>i','  distinguished  from 
hicrtdahlite  by  the  crystal  system  and  the  cleavage. 


I  opaque  unknown  sub- 
syenite    and    related 


MUSCOVITE,  see 

NARSARSUKITE. 

TktracoN: 


»  group. 


iL  c  =0.524  Na,FeFTijSi,jjO„? 

Phvs.  Char.  Crystals  tabular  ||  001  or  short  prismatic.  Cleav- 
age perfect  ||  iio.  H,=7.  G,  =  2.75.  Easily  fusible.  Soluble  only  in 
HF. 

Opt,  Prop.  ,  Uniaxial  and  positive.  Color  honey  yellow  to  red- 
dish. In  thin  section  colorless;  in  thick  sections  irregularly  colored  and 
pleochroic,  Z  reddish  yellow,  X  colorless. 

n,=  1.5842    n,=  1.5532 
"g  —  »S  =  0.031 
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Occur.    Found  abundantly   at   Narsarsuk  in    southern  Green- 

NATROCHALCITE.' 

MosocLiNic        a:b:c:;  1.423:1:1.214         Na,Cu^(OH),(SO^),  +  2HjO 
^  =  61"  1/ 
Phys.  Chab.     Crystals  steep  double  pyramids,  wilh  modifica.- 
tions.    Cleavage  perfect  ||  001.    H.  =  4.s.    G.  =  2.33.     Easily  fusible  to  a 
black  bead.    Slowly  soluble  in  water. 

Omc.   Prop.     The  optic  plane  is  parallel   to  010;   the  acute 
bisectrix  Z  makes  an  angle  of  —12°  wilh  c.    Z/>£'^Z^^^AC.    The  refrin- 
gence  is  high  and  the  birefringence  extremely  strong.     The  optic  angle  is 
moderate;  the  inclined  dispersion  is  weak,  but  p  <»  strong  {3°). 
(+)   2f  =  36°5o' 
n,  =  1.7143    »»p,  =  '-65S5    "p^  1.6491 
n, — '«,  =  0.065a 
Color  bright  emerald  green  in  mass. 

Occur.    Found  with  chalcanthite,  atacamite,  and  brochanttte  in 
Chile.    Very  rare. 

NATROLITE.  see  zeolite  group.  NATROPHILITE.  see  triphy 


Nephelite  Group. 

This  Ep'oup  includes  several  silicates  of  aluminum  with 
sodium,  potassium,  or  lithium,  as  well  as  other  elements  in  cer- 
tain cases.  The  minerals  are  all  hexagonal,  usually  in  prisms 
either  long  or  short,  or  in  a^regates.  They  are  chiefly  ortho- 
silicates,  although  nepheline  itself  does  not  seem  to  be  a  simple 
orthosihcate.  The  minerals  of  the  group  are  as  follows: — 
Nephelite  c  =  0.8389  K,Na,Al,Si,0„ 

Kaliophilite  KAlSiO, 

Eucrypiite  liAlSiO,  ■ 

Cancrinite  2c  =  O.8819  H„Na,Ca(NaCO,>,AI,(SiO,), 

Microsommite    2c  =0.8367  {Na,,Ca,Kj),„(CI,NaS0^.NaCO,)„AIj,Sij^O,, 

NEPHELITE. 

Hexagonal  c  =  0,8389  KjNa^AlgSi,0„ 

Phvs.  Char.  Crystals  usually  thick  six  or  twelve-sided 
prisms  with  base  prominent;  also  massive,  and  in  embedded 
grains.  Cleavage  imperfect  ||  lofo,  better  in  partially  altered 
samples;  cleavage  difficult  !|  0001,  H.  =  5-5-6.  G.  =  2.55-2.65, 
Fuses  quietly  at  3.5  to  colorless  glass.  Soluble  in  acids  with  gela- 
tin izatt  on. 

Opt.  Prop.  Uniaxial  and  negatived  Refringence  low; 
birefringence  very  weak. 

'  PHlachc  and  Warren:  Amcr.  Jour.  8e,  XXVI.   ISOii.  p    34u. 
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Penfield  Zantbonini  Zimanyj 

n,=  1.5469  1.5428  1.531^ 

Mp=  1.5422  1.5380  1.5322 

ttg  —  np  =  0.0047  0.0048  0.0042 

Colorless,  or  tinted  by  impurities.  Luster  vitreous  to 
greasy.    Colorless  in  thin  section. 

Altek.  Nephelite  alters  in  various  ways ;  it  may  change 
to  a  mass  of  fibrous  zeolites  (natrolite,  and  hydronepHelite,  some- 
times with  thomsonite,  or  christianite) ,  or  to  analcite,  or  sodalite; 
very  frequently  it  changes  to  cancrinite,  this  change  occurring 
first  along  the  cleavage  cracks  and  finest  fracture  lines,  and  finally 
replacing  the  whole  mass.  In  this  change  the  cancrinite  often 
has  a  uniform  orientation,  which  may  be  that  of  the  original 
nepheline  crystal.  Further,  nephelite  often  changes  in  a  similar 
way  to  muscovite ;  in  this  case  the  laminx  of  mica  are  commonly 
parallel  to  the  basal  cleavage  of  the  nepheline  in  which  they 
form.  The  mica  formed  is  colorless,  containing  potassium  and 
having  a  small  optic  angle.  It  has  been  called  liebenerite,  and 
also  gieseckite.  Calcite  may  form  at  the  same  time.  Finally, 
more  rarely,  nephelite  alters  to  kaolinite,  to  garnet,  or  to  a  col- 
Icndal  substance  of  unknown  nature. 

Occur.  Nephelite  is  found  only  in  sodic  igneous  rocks, 
that  is,  in  nephelite  syenite,  in  phonolite,  in  nephelite  basalt,  and 
in  theralite. 

Kaliophilite  (also  called  pkacelite')  is  a  potash  nephelite,  of 
uniaxial  negative  character,  'found  in  ejected  masses  from  Mt.  Sonuna, 
Italy.  It  is  produced  by  the  action  of  the  lava  on  adjacent  rocks,  in- 
cluding limestone.  Eucryptite  is  a  lithium  nephelite  found  as  an  altera- 
tion product  of  spodumene  at  Branchville,  Conn. 

DiAG.  Distinguished  from  apatite  (also  gehlenite  and 
melilite)  by  much  lower  refringence  giving  no  relief,  from  the 
sodalite  group  by  the  birefringence,  from  the  scapolite  group  by 
weaker  birefringence,  and  different  cleavage,  and  from  ortho- 
ciase  by  uniaxial  character,  absence  of  twinning,  cleavage,  and 
Easy  gelatinization  with  acids.  The  alteration  products  are  also 
rather  .characteristic. 

CANCRINITE. 

Heswmhal  2c  =  o,88ig  H,Na,Ca(NaCO,)jAl„(SiO,)„ 

Phys.    Char.     Usually   massive ;    rarely    in    hexagonal    prisms 

terminated  by  low  pyramids.     Cleavage  perfect   !|   1010,  difficult  parallel 

"Si.    H.  =^5.-6.  G. --;  2.42-2.5.    Gives  water  in  (he  dosed  tube.    Fuses  at 
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2  with  intumescence  to  a  white  blebby  glass.     Eflfervesces  with  acids; 
gelatinizes  on  heating  in  acids. 

Opt.  Prop.  Uniaxial  and  negative.  Refringence  low;  bire- 
fringence strong. 

H,^  1.5244    ",=  14955 
n,  —  Bp  =  0x1289 

Color  white,  or  tinted  by  impurities.    Colorless  in  thin  section, 

Alteil    Rarely  alters  to  natrolite. 

Occur.  Found  apparently  as  a  primary  constituent  of  certain 
igneous  rocks  associated  with  nephelite ;  also  a  common  alteration  product 
from  nephelite. 

DiAa  Distinguished  from  nephelite  by  much  stronger  bire- 
fringence (also  by  ready  fusibility  and  effervescence) ;  distinguished  from 
the  scapolile  group  by  the  difFering  cleavage,  and  from  the  calcite  group 
by  the  cleavage  and  the  much  weaker  birefringence ;  finally,  distinguished 
from  thocnsonite  by  its  uniaxial  character. 

HICROSOMMITE. 

Heka.  2f  =  o5j6;  (N3j.Ca,K,),„(Cl.NaS0^.NaC03>„AI,,Sij,O,,, 
Phys.  Char.  Minute  long  prismatic  crystals,  vertically  stri- 
ated, terminated  by  the  base.  Cleavage  perfect  |{  loTo.  imperfect  {[  0001. 
H.  =;  6.  G.  ^=  2.42-2.53.  Fuses  with  difficulty.  Decomposed  with  gelat- 
iitiiation  by  HCl. 

Opt.  Prop.  Uniaxial  and  positive.  Refringence  low ;  birefrin- 
gence very   weak.     Colorless. 

«,=  i.S2g  dp  —  1.521 
(ij  —  dp  =  0.006 
Occur.  Very  rare.  Found  in  ejected  masses  and  leucilic  lavas 
from  Mt.  Somma.  Italy.  Davine  is  a  variety  of  microsommite,  probably 
differing  chemically  in  the  (CLNaSO^-NaCO^)  present.  It  has  very  weak 
birefringence:  «,— 1.5199  lo  1.5222,  ti^=  1.5174  to  I.5199,  i«,  —  «p  =  O.ooa.i 
to  0.C023.    Cavolinile  seems  lo  be  a  synonym  of  davyne.    Both  are  found 

DiAG.  Distinguished  from  nephelite  by  the  optic  sign;  from 
qiiartz  by  weaker  birefringence  and  cleavage.  Other  diagnostics  similar 
to  those  of  nephelite. 

NESQUEHONITE. 

Orthorhomdic  o:fe:c:  10.644;  I '0-457  MgCO, -|-3H„0 

Phvs,  Char.     Crystals  long  prismatic,  veilically  striated;  often 
radiating.    Cleavage  perfect   ||   110,  imperfect   |1  OOi.     H.  =  2.5.     0.^=1.84. 
Orr,  Prop.     The  optic  plane  is  parallel  to  OOi :  the  acute  bisec- 
trix X  is  normal  to  loo.    Dispersion  p<.v  weak.     Colorless  to  white. 
(-)    2H  =  84°i5'Na      (2F  =  53'=.5'Na) 
11^—1.526     n„=  1.501     «p=  1.495 
Bg  — tip  — 0.031 
OccfB.     Found   in   coal   mines   with   lansfordite.     Very   rare. 
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NEWBERYITE. 

Orthorhoubic  a:b:c::  0.95s :  1  •  0,936  HMgPO^  +  3H.O 

Phvs.  Chab.  Crystals  equi dimensional,  elongated  ||  f,  or  tab- 
ular II  100,  much  modified.  Cleavage  perfect  ||  010,  imperfect  ||  ooi- 
H.  =  3.-3.5.     G.  =  2.io.     Soluble  in  HNO,. 

Oft.  Prop.  The  oplit^plane  is  parallel  to  010;  the  acute  bisec- 
trix Z  is  normal  to  001.  2E  =  6g°4flj.  (af  =  44°  47"  Na) .  n„  = 
1.5196.     Color  white. 

Occur.    Found  in  guano.    Very  rare. 

NITER. 

Oktrorbombic  a:b:c::  0.591  :  1 :  a^Oi  f^NO^ 

Phvs.  Char.  Cry^i^ls  acicular;  in  silky  tufis,  crusts.  Twin- 
ning on  lip. as  in  aragonite.  Cleavage  perfect  ||  oil,  imperfect  ||  Oio  and 
110.  H.=:2.  G.  =  2.09-2.14.  Deflagrates  vividly  on  live  coal;  violet 
flame  color.    Soluble  in  H^O.    Taste  saline  and  cooling. 

Opt.  Prop.  The  oplic  plane  is  parallel  to  100;  the  acute  bisec- 
trix X  is  norma]  to  001.  Refringence  very  low;  birefringence  extremely 
strong.     Becomes    rhombohedral    and   uniaxial   at  3O0°C.     Color    while. 

(— )  2£  =  75^''-io'' 

«,  =  1.506    «„  =  1,50s    «,=  1.334 

n,  — np  =  6.i72 

OccLR.     Forms  crusts  on  the  surface  of  the  earth,  on  walls 

nr.d    floor  of  caves   in   limestones,   etc.     Usually   produced   in    part    from 

decaying  animal  refuse. 

NORTHRUPITE. 

Isometric  MgCO,  ■  Na^COj  ■  NaCI 

Phys.    Char.     Crystals    octahedral.      Cleavage    absent.      H.  — 

3.5-4.     G.  =  2,38.     Fusible  al   i   with   frothing.     Easily  soluble. 

Opt.  Prop.    Isotropic,     Index  n  —  1.5144  Na.    Colorless  to  pale 

yellow,  gray,  or  brown. 

Occur.     Found  in  a  clay  bed  below   Borax   Lake.  California. 

Rare. 

NOSELITE,  see  sodalite  group. 
OCTAHEDRITE  (AnaUse). 

Tetsaconal  c  =  1.777  TiO, 

Phys.    Char.     Commonly    octahedral    in    aspect ;    also    tabular 

«r    prismatic.      Cleavage   distinct   ||   001    and    iii.   H,^S.5-6.      G.=;.^82- 

3.95.      Infusible.     Insoluble.     Gives  tests   for  titanium. 

Opt.    Prop.    Uniaxial    and    negative.      Refringence    extremely 

high.     Birefringence  very  strong. 
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Schrauf        Miller        Wulfing 
«,  =  2.534  2-554  2-S6i8 

flp  =  2.496  2  493  2.4886 

«,  — dp  =  0.038  ao6!  0.0732 

Color  brown  to  black.  Luster  adamantine.  Streak  coloiless. 
In  thin  section  colorless,  blue,  or  yellow,  sometimes  variable  in  a  single 
crystal.  Pleochroism  usually  imperceptible  in  thin  sections.  In  thick 
sections  Z  =  pale  blue  or  yellow,  X  =:  dark  blue  or  orange. 

Occur.  Found  rarely  in  igneous  rocks,  sometimes  as  a  decMn- 
position  product. 

DiAG. '  Easily  distinguished  from  rutile  and  brookite  by  its  uni- 
axial negative  character,  The  crystal  form  is  also  characteristic,  being 
usually  octahedral  in  aspect. 

OKENITE. 

Oktborhoubic  Axial  ratio  unknown.  HjCa(SiO  ),-|-H,0 

Phvs.  Chah.  Crystals  acicular,  usually  interlacing;  compact 
fibrous.  Cleavage  in  the  prismatic  zone  indistinct.  H.  =  4.5-5.  G.  ^=  2.3S- 
2.36.     Fusible.     Gelatinizes  with  HCI. 

Opt.  Prop,    The  optic  plane  is  parallel  to  c;  the  acute  bisectrix 
X  is  normal  to  a  face  of  the  prismatic  zone  of  elongation. 
( — )    3V  =  large 

»  =  1,556 
n,  — «p  —  0.009 
Color  white,  yellowish  or  bluish ;  sometimes  yellow  by  reflected 
light,  and  blue  by  transmitted.    Colorless  in  section. 

Occur.  Found  in  cavities  in  basic  igneous  rocks  associated 
with  zeolites.     Rare. 

OLIGOCLASE,  see  feldspar  group. 

OLIVENITE. 

Obtkorhdmbic  a:6:c:;0-940: 1:0.673  Cu(CaiOH>AsO^ 

Phys.    Char,      Crystals   prismatic    to    acicular;    also    fibrous, 

lamellar,  reniform,   granular.     Cleavage  in  traces    {{    no,  010,  and  oil. 

H.  —  3.     G.  — 4.1-4.4-     Fusible  at   2;   crystalline   on   cooling.     Soluble    in 

HNO^. 

Opt.    Prop,    The  optic  plane   is  parallel  to  oor ;   the  positive 

acute  bisectrix  is  normal  to  loa     Dispersion  p<r  large.     Refringence 

high.    «— 1.83.     2//,  =  106°  6' Na.      Color    shades  of   olive    green     to 

blackish  green,  brown,  yellow,  white.     Streak  olive  green  to  brown. . 
Occur.    Found  in  veins  of  copper  mines.    Uncommon, 

Adamite  [Zn(ZnOH)AsOJ  is  isomorphous  with  olivenite; 
ii:6:f::o.973:  1:0.716;  crystals  prismatic  or  elongated  ||  6.  Often  in 
crusts.  Cleavage  distinct  ||  loi.  H.  — 3,5.  G.  =  4,35,  Fusible.  Soluble 
in  HCI.  Optic  plane  parallel  to  ooi :  acute  bisectrix  Z  normal  to  Olo, 
Dispersion  p<r  large.  zH^— 100°- 108°  Li,  Color  yellow,  violet,  red, 
green,   colorless.      Streak   while.     Found   with   zinc  ores.     Rare. 
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Libethenite  [Cu(CuOH>PO^]  is  in  the  same  isomorphous 
group ;  aib'.c:: 0-960 : 1 : 0.703 ;  crystals  short,  prismatic,  drusy ;  also 
renifonn  compact  Geavage  indistinct  II  lOO  and  oio.  H.  =  4.  G.  ^^3.6- 
3.8.  Fusible  at  2  with  green  flame  color.  Soluble  in  HNO,.  Optic  plane 
parallel  to  001 ;  acute  bisectrix  X  normal  to  OIO.  Dispersion  p  >v  large. 
2f=r8i''  8'  Na;  «„,— 1.743.  Color  olive  green,  usually  dark.  Streak 
olive  green.    Luster  resinous.    Found  in  veins  in  copper  mines.    Rare. 

De«aoiiite  [(Pb,Zn)CPbOH)V0J  also  belongs  in  the 
same  group;  o:  ^:  c::o.955:  1:0.805.  Crystals  short  prismatic  or  pyram- 
idal, often  drusy;  also  statactitic  or  massive  fibrousr  Cleavage  none. 
H,  =  3.5.  G.  =  5.9-6.2.  Fusible,  Soluble  in  cold  HNO,.  Optic  plane 
parallel  to  010;  negative  bisectrix  normal  to  001 ;  sign  ±. ;  optic  angle  very 
large,  3H  =  g7° ;  dispersion  p  <  n  strong.  Refringence  high,  n  =  1.83. 
Birefringence  strong.  Color  red,  brown,  Mack.  Streak  orange  to  brown- 
ish red  or  yellowish  gray.  Luster  greasy.  Found  in  veins  associated  with 
vanadinite,  pyromorphite,  etc.     Rare. 

Olivine  Group. 

The  olivine  group  includes  several  minerals  which  are 
all  orthosilicates  of  bivalent  metals,  crystallizing  in  the  ortho- 
rhombic  system.  They  are  commonly  found  in  embedded  grains 
or  in  short  prismatic  crystals  terminated  by  pyramids  and  domes. 
They  have  high  refringence  and  strong  birefringence,  with  a 
large  optic  angle.  They  are  readily  attacked  by  acids  with  gela- 
tinization ;  they  alter  very  easily. 

The  minerals  of  the  group  include  the  following: — 
Tephroile  a:b:( 

Glaucochroite  a:b:c 

Monticellite  a:b:c 

Forsterite  a:b:c 

Chrysolite  (Olivine  proper)     o :  6  r  c  ::  0.4657 :  i :  o.jS(>5  (Mg,Fe)^SiOJ 

Titanolivine  CMg,Fe)j(Si,Ti)0^ 

Fayalite  a:b:c::  04584 : 1 : 0.5793  Fe^SiO^ 

In  the  forste rite-chrysolite- fayalite  series  the  angle  of 
the  optic  axes  varies  directly  with  the  percentage  of  FeO.  Thus, 
if  the  angle  be  measured  constantly  about  X,  2V  is  about  94°  in 
forsterite  with  very  little  FeO;  it  is  about  91°  in  olivine 
that  contains  10%  FeO;  it  passes  90°,  the  sign  becoming — at 
12%  FeO;  in  hortonolite  with  47%  FeO  it  is  about  70°;  in  fay- 
alite with  68%  FeO  it  is  about  50°.  At  the  same  time  the  indices 
of  refraction  and  the  birefringence  increase  regularly. 

TEPHROITE. 

Ortbobhoubic  a:b'.c:'. 0.4621 : 1 : 0.5914  Mn^SiO^ 

Phvs.    Chak.    Crystals    rare;    usually    in    crystalline    masses. 

Geavage  distinct  ||  001;  indistinct  |f  100;  in  traces  ||  010.     H.  =  5-5-6. 


:  r  0.4621  : 

1 :  0.5914 

MnSiO, 

: ;  0440 :  I 

:o.s6f. 

MnCaSiO, 

;;  0.4337: 

' :  0.5757 

MgCaSiO 

:  04666: 

110.5868 

Mg^SiO, 
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G.  =  3.95-4.12.     Fuses  at  3.5  to  a  black  scoria.     Gelatinises  in  acids. 

Opt.  Pbof.  The  plane  of  the  optic  axes  is  parallel  to  001 ;  the 
nesative  acute  bisectrix  is  normal  to  010.  Refri:%ence  high;  birefringence 
strong.    Optic  angle  large ;  dispersion  p  >  f. 

(— )  3y  =  7f±    (a£  =  i6o°±) 

Color  ash  gray  (whence  the  name),  grayish  red,  reddish  brown. 
rose  red.  In  thin  section  pleochroism  distinct,  with  absorption  Y  >  Z  > 
X.  and  Z  greenish  blue.  Y  reddish.  X  brownish  red. 

Incl.     Franklinite,  willemite,  and  rhodonite  occur  as  inclusions 

I3cruii,  Found  in  ore  deposits  of  manganese,  zinc.  etc.  at 
Franklin  Furnace,  N.  J,,  and  in  manganese  d^osits  and  metamor'phic 
rocks  in  Sweden.     Rare. 

DiAc.  (See  chrysolite).  Distinguished  from  other  minerals 
of  the  olivine  group  by  its  pleochroism. 

GLAUCOCHROITE. 

Orthorhombic  a:  i>:c:  10.440:  i : 0.566  MnCaSiO^ 

Phys.  Char.  Crystals  prismatic;  also  in  grains.  H. ^6.  G. — 
3,4.     Fuses  quietly  at  3.     Easily  soluble  in  HCI, 

Opt.  Prop.  The  optic  plane  is  parallel  10  001 ;  the  acute  bisec- 
trix X  is  normal  10  oio.  Dispersion  p>v  marked.  Color  bluish  green. 
Colorless  in  thin  fragments. 

(-)  2F  =  6o=5i' 
'>,=  i-735    »„  =  i.722    nj,  =  i.686 
ig  —  llj,  =  0.04'J 
Occur.    Found  at  Franklin  Furnace  with  garnet,  axinite,  etc. 
Very  rare. 

MONTICELLITE. 

Orthorhombic  a:  &:c:  :o.433;:  i:o.s;5;  MgCaSiO, 

Phvs.  Char,  Crystals  similar  to  chrysolite;  also  grains  and 
masses.  Cleavage  indistinct  ||  010.  H.  =  5.-5.5-  G.  =  3.12-3.27.  Fusible 
at  C.     Soluble  in   HCI;  evaporation  produces  gelatinization. 

Opt.  Phop.  The  plane  of  the  optic  axes  is  parallel  to  001 ;  the 
negative  acute  bisectrix  is  normal  to  010.  Refringence  high ;  birefringence 
rather  strong.     Dispersion  p  >  v. 

(-)  2F  =  37°  31' 
nj  =  i.6679    n„=:i.66i6    »|,=  i.6505 

"g  — "p  =  «'''?4 
Colorless   or   grayish ;    in   thin   section   colorless. 
Alter.    .Mters  to  serpentine;  also  to  a  variety  ol  augite  (fas- 

OccuR.  Very  rare.  Found  only  in  limestone,  due  to  contact 
metamorphism. 

DiAc.  Distinguished  from  chrysolite  (also  fayalite  and  fors- 
terite)  by  poor  cleavage,  small  optic  angle,  lower  refringence  and  much 
weaker  birefringence:   further,   most  chrysolite   is  positive. 
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FORSTERITB. 

Okthorhombic  a:b:c:: 04666 ;  i : 0,5868  Mg^SiO^ 

Phvs.  Char,  Crystals  similar  to  chrysolite;  strnietimts  flat  || 
100;  elongated  ||  c;  also  grains  and  masses.  Twins  rare  on  031.  Cleav- 
age distinct  )|  010,  difficult  ||  001.     H.  =  6.-7.    G.  =  3.21-3.33.     Infusibli 


Gclat 


with  a 


axes   is  parallel  to  ( 

refringence  high,  birefrin- 

rORSTERITE 


Figure   153.     Optlral   arlenlatlon   c 


Opt,   Prop.    The  plane  of  the  opti 
the  positive  acute  bisectrix   is  normal  to   100; 
gence     Strong,     but    less    than 
that  of  chrysolite.     Dispersion 
P<f. 

.    (  +  )    3f  =  86=10' 
"„  =  1.650 

Color  white,  yel- 
lowish, greenish ;  colorless  in 
thin  section. 

Incu  Spinel  some- 
times is  found  abtmdantly  as 
inclusions. 

.\lte».  May  alter 
to    a    mineral    resembling    vil- 

larsile  which  is  chemically  a  hydraied  forsterite;  this  change  seems  to 
malve  no  considerable  change  in  the  optic  properties.  Also  alters  to  ser- 
pentine. 

Occur.  Forsterite  is  a  mineral  due  to  contact  metamorphism 
of  limestone  or. dolomite. 

DiAC.  (See  chrysolite).  Forsterite  can  be  distinguished  from 
chrysolite  only  t^  accurate  measurement  of  the  refringence.  birefringence 
or  optic  angle,  or  by  chemical  analysis.  However,  the  mode  of  occurrenci; 
may  aid  in  differentiation. 

CHRYSOLITE  (OUvine  proper). 

Orthobhombic         a:  &:c:: 0.4657:  i : 0.5865         (Mg.FeJiSiO^ 

Piivs.  Char,  Crystals  usually  somewhat  elongated  1 1 
c:  rarely  elongated  \\  a;  commonly  in  imbedded  grains  or  rounded 
crystals ;  also  massive.  Twinning  rare  on  01  r, 
and  very  rarely  on  012.  Cleavage  distinct  || 
010,  indistinct  ||  100.  H.  =  6.5,-7.  G.  =  3.2- 
3.34.  Common  olivine  is  infusible,  but  vari- 
eties rich  in  iron  {hyalosidcrite,  with  Mg;  Fe:: 
2;  I,  for  example)  fu.se  with  difficulty  to  a 
black  magnetic  globule.  Very  easily  attacked 
by  acids  (even  acetic  acid)  with  gelatiniza- 
tion. 

Opt.  Prop.     The  plane  of  the  optic 
axes  is  parallel  to  001 ;  the  bisectrix  Z  is  normal  to  100.     Re- 
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fringence  high;  birefringence  strong.     The  angle  of  the  optic 
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Figure  1G5. 
Opttcn.1  orientation 
ot  olivine  In   banal 
section. 


Figure   15G. 
Optical  orientation 
of  olivine  In  macro- 
plnacoldal    section. 


plnacotdal    section. 


axes  is  always  very  large.  The  dispersion  is  weak,  and  always 
p  <v  about  Z.  Chrysolite  is  nearly  always  positive,  but  2V  about 
Z  increases  with  the  percentage  of  FeO;  when  that  passes  about 


12  per  cent,  the  angle  passes  90°  and  the  mineral  becomes  nega- 
tive. At  the  same  time  the  refringencc  increases.  This  may  be 
shown  in  tabular  form  as  follows: — 
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CHRYSOLITE  {OLIVINE  PROPER). 


Name 

Locality 

9&FeO 

n„    2V  about  Z 

Sign 

Ftwsterite 

VesoTius 

2  approx. 

1.659 

86' 10' 

+ 

Chrysolite 

East  Indies 

6  approx. 

1.670 

87-  IS' 

+ 

Chrysolite 

Egypt 

9.2 

1.678 

88' 41' 

+ 

Chrysolite 

Auvergne 

13-0 

1.692 

90*24' 

— 

Hyalosiderke 

Norway 

24.0 

95°  10' 

— 

Hortonolite 

Monroe,  Ct. 

47-3 

1.791 

110-36' 

— 

Fayalite 

Rockport,  Me. 

68.1 

1.864 

130°  10' 

— 

The  indices  of  refraction  and  the  birefringence  are  ah 
follows : — 

East  Indies  Torre  del  Greco,  Ural  Mts. 

luly  (with  10.7%  FeO). 

n,=  1.6894  1.697  1.7089 

«„  =  1.6703  1.678  1.6899 

«p  =  1.6535  1-661  1.6720 

w.—  np  — 0.0359  0.036  0.0369 

Color  olive  green ;  by  alteration  yellow,  brown  or  red. 
Luster  vitreous.  Streak  colorless-  Colorless  to  very  pale  green- 
isli  in  section ;  by  alteration  of  the  iron  becomes  yellowish  to  red. 
Pleochroism  wanting. 

Incl.  Inclusions  are  common  of  magnetite,  spinel, 
apatite,  and  of  vitreous,  liquid  or  gaseous  nature.  Movable 
bubbles  of  liquid  carbon  dioxide  are  sometimes  observed  in 
cavities  in  olivine. 

Alter.  Olivine  alters  very  readily;  indeed,  it  is  much 
more  commonly  found  altered  than  fresh.  The  alteration  may 
give  varying  products,  as  follows: — The  commonest  alteration 
product  of  cdivine  is  serpentine  (either  antigorite ,or  ckrysotile). 
In  this  case  the  olivine  is  changed  to  a  hydrous  magnesium  sili- 
cate with,  frequently,  the  separation  of  magnetite  or  hematite. 
Along  the  cleavage  and  fracture  lines,  which  open  markedly,  the 
serpentine  develops  in  fibers  or  laminse,  and  finally  the  whole 
mass  is  transformed  to  serpentine.  Quite  often  olivine  alters  to 
a  mineral  probably  related  to  the  serpentines,  but  containing 
considerable  iron  and  showing  distinct  optical  properties.  This 
alteration  may  result  in  fibers  or  laminae,  or  it  may  result  in  a 
compact  mineral  having  the  same  orientation  as  the  original  crys- 
tal of  olivine.  The  resultant  mineral  may  be  bowlingitc,  xylo- 
tile,  or,  (with  nickel)  garmerite.  Antigoritc  and  chrysotile  in  thin 
section  are  colorless  or  very  pale  green  with  weak  birefringence; 
bowlingite  and  xylotile  are  yellow  to  brown  and  pleochroic  with 
strong  birefringence,  while  gamierite  is  bright  green. 

Another  type  of  alteration  quite  common  in  olivine  is 
the  change  to  hematite,  or  Hmonite.  or  goethite.    In  this  case  the 
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alteration  takes  place  along  cleavage  and  fracture  lines,  even 
when  they  are  not  opened,  or  it  may  attack  the  mineral  with  no 
reference  to  the  cleavage  lines  on  the  borders  or  elsewhere. 

Atmospheric  weathering  of  olivine  results  in  the  forma- 
tion of  carbonates  with  limonitc  and  opal  (or  quartz).  The 
carbonates  are  often  calcitc,  showing  the  removal  of  Mg  and  its 
replacement  by  Ca. 

Regional  metamorphism  sometimes  changes  olivine  to 
an  amphibole.  This  occurs  only  when  the  olivine  is  in  contact 
with  feldspar,  and  thus  the  pale  green  to  colorless  amphibole 
needles  form  a  zone  between  the  olivine  and  feldspar.  More 
rarely  still  other  minerals  may  form  from  olivine,  as  pyroxene, 
talc,  etc. 

Occur.  Olivine  is  a  common  constituent  of  various  ig- 
neous rocks,  in  some  of  which  it  is  an  essential  part.  It  is  found 
especially  in  basic  igneous  rocks  where  it  is  commonly  associated 
with  augite,  hypersthene,  plagioclase  feldspar,  magnetite,  etc. 
Further,  it  is  not  uncommon  in  crystalline  limestone  and  dolo- 
mite ;  varieties  poor  in  iron  are  usually  found  here.  It  is  occa- 
sionally foimd  in  small  amount  in  ore  deposits.  Finally,  olivine 
is  an  essential  constituent  of  many  meteorites,  where  it  consti- 
tutes (with  enstatite,  chromite,  etc.)  the  stony  portion  of  the 
mass. 

DiAG,  Olivine  is  easily  recognized.  When  in  crystals 
the  sections  show  acute-angled  ends,  a  high  refringence,  a  sha- 
green surface,  no  color,  strong  birefringence,  and  a  large  optic 
angle.  Extinction  in  the  chief  zones  occurs  parallel  to  the  elon- 
gation and  to  the  cleavages.  Distinguished  from  diopside  by  poor- 
er and  unequal  cleavages  to  which  the  extinction  is  parallel. 
Difficult  to  distinguish  from  orthorhombic  humite  when  the 
crystal  form  is  lacking  without  a  chemical  test  for  fiourine ;  how- 
ever, the  optic  plane  is  normal  to  the  best  cleavage  in  olivine 
and  parallel  to  the  cleavage  in  humite. 

TITANOLIVINE. 

Ohthohhombic?  <Mg.Fc)„(Si.Ti>0, 

Phvs,  Char.  In  indistinci  cryslals,  or.  more  commonly,  in 
rounder!  grains*.  Twinning,  often  polysynlhelic,  with  twinning  plane  near 
014.  Cleavage  absent.  H.  =  6.  G.  =  ,1.25-,^. 27.  Infusible,  but  turns 
black  when  heated.     Soluble  in  acids,  RivinR  tests  for  titanium. 

Opt.  Prop.  Optical  orientation  unknown  on  account  of  lack  of 
crystals,  but  snppoFed  to  be  similar  to  chrysolite.  Refringence  high:  bire- 
fringence  strong.     Optic  angle   large;   dispersion  distinct   with  p<.v. 
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(+)  3F  =  62'  (3£=u9°3o') 

n^=i.703    M„  =  i.678    (1^=1.669 

«,  —  »,  =  0.033 

Color  reddish  brown  to  dark  red.     In  thin  section  pleochroism 

intense,   as  given   below,   similar  to  that  of  the  humites,   with   absorption 

x>y  =  z. 

Z  =  Y-  bright  yellow 
X  =  deep  reddish  yellow 

In  twins  sections  normal  10  the  acute  bisectrix  have  extinction 
symmetrical  to  the  twinning  plane;  the  optic  normal  (Y)  makes  an  angle 
of  about  20°  on  each  side  of  the  twinning  plane.  If  one  individual  of  the 
twin  is  cut  normal  to  the  obtuse  bisectrix  the  other  is  cut  oblique  to  the 
optic  plane;  in  this  case  extinction  occurs  in  the  two  parts  at  the  saine 
time,   but  they  differ  in  birefringence  and  pleochroic  colors. 

Alter.    Alters  to  serpentine,  like  chrysolite. 

Occt'R.  Found  in  talcose  schist  in  Tyrol  and  in  Switzerland. 
Rare. 

DiAG.  In  mass  resembles  almandite  garnet,  but  gives  test  for 
titanium  after  prompt  attack  by  acids.  In  thin  sections  distinguished 
from   stauroliie  by  different  pleochroic  formula,  much  stronger  biretrin- 


Kence,  poly  synthetic  twinning,  and  the  absence  of  geometric  forms, 
tingitished  from  chondrodite  and  clinohumile,  a.s  follows  :— 
Hernial  to  the  positive  bisectrix  of  twinned  crystals  the  optic  normal  makes 
symmetrical  angles  of  20°  in  titanolivine.  while  the  optic  plane  makes  sym- 
metrical angles  of  about  30°  in  chondrodite  and  7°  to  12°  in  clinohumite, 
with   the  twinning  plane. 

FAYALITE. 

Orthorbombic  a:6:t:::o.4584:  I  :o.5793  Fc^SiO^ 

Phvs.  Char.  In  minute  crystal*  flattened  |[  100;  also  in  forms 
similar  to  chrysolite,  and  mas.iive.  Twinning  rare  on  Oil.  Cleavage  di'J- 
tinct  II  010.  indistinct  ||  loa  in  traces  ||  oo[.  H.  =  6.-7.  G.  —  4.-4.14. 
Fuses  readily  to  a  black  magnetic  globule.     Gelatinizes  wilh  acids. 

Opt.  Prop,  The  plane  of  the  optic  axes  is  parallel  to  001:  the 
negative  acute  bisectrix  is  normal  to  Oio.  Refringence  high  ;  birefringence 
very   strong:  optic  angle  large.     Dispersion  distinct  wilh  p>i'. 
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(.—)  2V  =  40'5o' 

n,  =  1.8736    n„  =1.8641    n^  =  i&i36 

Hj  —  «p  =  0.0500 

The  optic  angle  becomes  larger  and 
the  refringence  and  birefringence  decrease  as  the 
iron  is  replaced  by  more  and  more  magnesium  FiBure  isi- 

(see   chrysolite).     Thus   in   the   variety   hortono-       Optical   orientation   oT 
Itle,   with   about    18%   of   MgO,   the   optic   angle  secUon. 

(,3V)   is  about  70°,  and  11^=1.8031,  »„  =  i.tois,  n|,=  i.7684,  h^-~m^  = 
0.0347, 

Color  pale  greenish  yellow ;  by  oxidation  of  iron  reddish  brown 
to  black.  Usually  colorless  in  thin  section,  but  sometimes  pale  yellow  with 
very  weak  pleochroism.  In  thin  sections  Z  =  X  =  greenish  yellow,  and 
Y  =  orange  yellow.  Absorption  Y  >  X  >  Z.  The  pleochroism  may  at 
times  be  due  to  ferruginous  inclusions. 

Alter.    Similar  to  chrysolite,  but  irc«i  products  are  more  abun- 

OccuR.  Not  abundant  in  nature;  found  in  lithophyses  in  rhy- 
olite  in  Yellowstone  Park.  etc. ;  also  in  other  volcanic  rocks,  in  pegma- 
tite, and  in  some  basic  igneous  rocks  rich  in  iron  of  the  Lake  Superior 
region.  Fayalite  is  the  most  abundant  silicate  found  crs-stalliied  in  many 
metallurgical  slags.  In  these  stags  the  mineral  occurs  with  all  the  forms 
common  in  chrysolite;  a  vitreous  residue  is  often  abundant  in  fayalite 
thus  formed. 

Knebelite  is  intermediate  in  composition  between  fayalite  and 
tephroite,  that  is,  (Fe,Mn)jSiO^,  but  varieties  are  known  with  mag- 
nesium, thus  grading  toward  hortonolite  and  hyalosiderite.  Cleavage  dis- 
tinct il  110,  indistinct  ||  100  and  001.  G.  =  3.9-4.i7-  Color  gray,  red, 
brown,  yellow,  ?reen,  black.  Colorless  to  brown  or  green  in  thin  section. 
Negative.  Optical  orientation  as  in  fayalite.  Optical  angle  large,  2G  ^= 
63°  45'.  Dispersion  p>t'.  The  optic  angle  increases  with  decrease  of 
the  iron  content.    Found  in  iron  manganese  mines  in  Sweden.    Very  rare. 

DiAG.  (See  chrysolite).  Fayalite  is  distinguished  from  chrys- 
olite by  the  higher  refringence.  stronger  birefringence,  and  much  smaller 
optic  angle ;  further,  chrysolite  is  usually  positive.    Fayalite  is  also  more 

OPAL. 

Amorphous  SiOj  -|-  mH^O 

Phys.  Char.  Occurs  in  irregular  grains,  globules, 
masses,  sometimes  reniform,  stalactitic,  earthy,  etc.  It  may  be 
porous  or  earthy ;.  it  may  be  capable  of  absorbing  much  water, 
and  thus  becoming  more  transparent.  Opal  is  usually  much 
fractured.  H.  ::^  5.5-6.5.  G.  ^1.9-2,3.  Variation  in  specific 
gravity  is  due  to  variation  in  the  amount  of  water  present  (i  to 
20%)  and  to  the  frequent  existence  of  various  impurities      fn- 
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fusible.     Gives  water  in  the  dosed  tube.     More  soluble  than 
quartz  in  HF. 

Opt.    Prop,     Monorefringent,    but    rather    frequently 
shows  some  polarization  due  to  internal  strain;  globules  then 
show  a  black  cross  of  negative  character  like  colloidal  substances, 
e.  gf.,  gelatine,  which  contract  on  solidifying.    Refringence  varies 
apparently  with  the  amount  of  water  present. 
n=  144-1.45  commonly. 
M  =  r.406  with  very  little  water. 
«  =  1.446  after  absorption  of  water. 

Colorless,  white,  milky,  yellow,  brown,  red,  green,  blue, 
black.  Precious  opal  shows  a  play  of  colors.  Colorless  in  thin 
section, 

Incl.    Inclusions  of  various  pigments,  etc.,  are  commom 

Alter.  By  loss  of  water  opal  changes  to  various  forms 
of  quartz  such  as  normal  quartz,  quartzine,  chalcedony,  etc.,  or 
to  tridymite. 

Occur.  Found  in  rocks  of  all  kinds,  but  always  of  sec- 
ondary origin.  It  may  be  formed  by  the  alteration  of  silicates 
in  igneous  or  metaniorphic  rocks;  it  may  be  deposited  from 
solution  about  geysers  or  in  veins,  or  cavities ;  it  may  be  of  or- 
ganic origin ;  or  it  may  be  of  concretionary  origin  in  sedimentary 
rocks. 

DiAa  The  distinctive  characters  of  opal  ^re  the  mono- 
refringent character,  the  low  refringence,  the  mode  of  formation, 
the  colloidal  structure,  the  low  specific  gravity,  and  the  solubility 
in  alkalies  as  well  as  in  HF. 

ORPIMENT. 

Orthorbombic  a:b:  c::  0.603  '■  1 '  o.(/ja  -^^t^i 

Pkvs,  Char.  Crystals  small,  indistinct ;  usually  foliated  ina,°- 
sive.  Cleavage  perfect  ||  010,  in  traces  ||  100;  gliding  plane  ||  001.  Lam- 
inae flexible,  inelastic.  H.  ^1.5-2,  G.  =  3.4-3.5.  Wholly  volatile  before 
the  blowpipe.    Soluble  in  aqtia  regia. 

Opt.   Pbop.    The  optic  plane  is  parallel  to  001 ;   the  positive 
acute  bisectrix  is  normal  to  100.    Dispersion  p  >  v,  very  strong. 
(+)  2H  =  70''24' 

Color  letnon  yellow.  Streak  pale  yellow.  Luster  on  cleavage 
pearly. 

Occur.  Found  in  hot  springs  and  geyser  deposits,  in  veins 
containing  arsenic,  in  deposits  from  volcanic  gases,  and  in  clay.  Also 
forms  by  sublimation  in  burning  coal  mines. 

ORTHOCLASE,  see  feldspar  group.    PACHNOLITE,  see  cryo- 
lite.    PARAGONITE,  see  mica  group. 
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c  =  3.28g  [(Ce.La.Di)F),Ca(COj,), 

Crystals   acute   pyramidal,    horizontally    striated. 

01.     H.  =  4.5.     G.  3=  4.2-4.36.      Infusible.     Effer- 


PARISITB. 

Hexagonal 

Phys.  Cut 
Cleavage  perfect  ||  ■ 
vesces  in  HCI. 

Opt.  I^op.  Uniaxial  and  positive.  Refringcnce  moderate;  bi- 
refringence very  high;  «,  =  1.670;  n^  =  1.569;  n^  —  n^^O.lot.  Color 
brownish  yellow,  streak  yellow  white.     Colorless  in  thin  section. 

Occur.  Found  with  beryl  or  eudidymite ;  also  in  quartz  veins. 
Very  rare. 

Synchysite  [(CeF>Ca{CO,>j]  is  a  related  mineral  very  simi- 
lar in  form,  but  rhombohedra!  in  symmetry.  Cleavage  none  when  unal- 
tered. G.  —  3.9.  Infusible.  Uniaxial  and  positive.  ",^=  l.77<li.  '<p  = 
1.6742;  ",  — "p  — O.Opsg.  Color  light  gray,  wax  gray,  hair  brown.  In  thin 
sv^'on  straw  yellow,  gray,  non-pleoehroic,  or  feebly  so.  Sometimes  shows 
a  brown  pigment  in  zones.    Very  rare. 

PECTOLITE. 

MoKOCUNic  o:  6:  c::  1.1140:  1:0.9864  Na.Ca(SiOj>j'- 

.,8  =  84°  40' 

CoHP.  Basic  hydrogen  is  often  present,  and  ihe  formula  is 
perhaps  HNaCa^CSiO,),. 

Phvs.  Char.  Crystals  oflen  flattened  ||  100  or  elongated  || 
/';  commonly   in  close  aggregation   of  acicular  crystals  or  fibers.     Twin- 


=  4.5-5.    G.  =  2.74-2 


fringent 
plane    i 


ning  on  100.    Cleavage  perfect  ||  100  and  001.  1 
Fuses  at   2.   to  white  enamel.      Partly  decom- 
posed   by    HCI     with    gelatinization.      Yields 
water  in  closed  tube. 

Opt.  Prop.  The  plane  of  the  opiic 
axes  is  normal  to  Oio.  to  which  the  positive 
acute  bisectrix  is  also  perpendicular.  The 
optic  plane  ajid  obtuse  bisectrix  are  nearly  nor- 
mal   to    100.      Refringence    rather   high:    bire- 

e  strong;  optic  angle  large.     The  optic 

>    nearly    parallel    to    the    elongation. 

(+>  21/ =  60=. 

»  =  iJSi. 
n,  — (1^  =  0.038 
Colorless,    whitish,    gray ;    colorless 
in  thin  section. 

Occur.  Found  in  cavities  or  seami 
in  basic  igneous  rocks ;  less  commonly  in 
metamorphic  rocks, 

Manganopectolite   with    4%    MnO  optics 

occurs   in  nepheline   syenite   of   Magnet   Cove,  i^ituim;. 

.\rk. ;  it  is  of  a  clear  green  color,  but  is  often  clouded  with  brown  oxide 
rf  manganese.   Cleavage  perfect    ||   OOi,   less   perfect   |i    100.     Optic   plane 


Figure 
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as  in  peeiolite.    Optic  angle  small,  2E=  15°-    Dispersion  p>v,  with  very 
strong  dispersion  of  the  bisectrices,  as  in  titanite. 

DiAG.  Distinguished  from  wollastonite  by  the  position  of  the 
optic  plane  and  Z  with  reference  to  the  elongation,  giving  constant  posi- 
tive elongation. 

PENNINITE,  see  chlorite  group. 

PERCY  LITE. 

Isometric  PbaL(OH)^CI,? 

CoMP.    AgCI  is  often  present,  and  is  perhaps  an  essential  con- 

Phys.  Char.  Crystals  minute  cubes ;  also  massive.  H.  =  2.5. 
G.  =  S-25.     Cleavage  perfect  ||   loo,  imperfect  ||  in. 

Opt.  Prop.  Isotropic  or  nearly  so.  Refringence  very  high. 
Color  sky  blue. 

OccrR.    Found  with  lead  or  copper  ores.    Very  rare. 

BoKite,  pseudabol£ite  and  cumengtite  are  closely  related 
to  percylite  and  are  thought  by  Lacroix  to  constitute  a  series  with  it  in 
which  the  silver  content  continuously  decreases  to  none  in  cumengeite. 
At  the  same  time  the  specific  gravity  decreases  to  5j38,  4.85,  and  4.67. 
Further,  the  crystal  form  changes  to  tetragonal,  and  the  length  of  the 
vertical  axis  decreases  from  3.996  in  boleite  to  2.023  in  pseudoboleite,  and 
1.625  '"  cumengeite.  The  mean  index  of  refraction  is  near  2.  in  all  the 
species,  bill  ihe  birefringence'  varies  widely,  from  zero  in  percylite  to  0.020 
in  boleile,  0.032  in  pseudoboleite,  ajid  o.ioo  ±  in  cumengeite.  The  aniso- 
tropic species  are  p.wudo isometric  and  tetragonal :  they  are  uniaxial  and 
negative.  But  the  latest  analyses  indicate  variations  in  composition  in 
these  minerals  not  only  in  silver  content,  hut  also  in  the  percentage  of 
lead  and  water  present.     Found  with  copper  ores.     Very  rare. 

PERICLASE. 

IsouETSic  MgO 

Phvs.  Char.  In  cubes,  octahedrons,  or  grains.  Perfect  cubic 
cleavage ;  indistinct  octahedral  cleavage.  H.  —  5.5-6.  G.  =  3.64-3.67.  In- 
fusible,    Soluble  without  effervescence. 

Opt.  Prop.  Strictly  isotropic.  Cubic  cleavage  usually  distinct 
in  fine  straight  lines.    Relief  high. 

*t  =  1.736. 

Colorless  to  grayish  or  yellowish;  brownish  yellow,  dark  green: 
usually  colorless  in  thin  section. 

Alteh.     Alters  readily  to  hydromagiiesite,   to   serpentine,   or  to 

Occur.  Rare.  Found  in  limestone  modified  by' igneous  action 
on  Mte.  Scrnima,  in  a  manganese  mine  in  Sweden,  etc.  Associated  with 
monticellite.  forsterite,  spinel,  magnesite,  etc. 

DiAC.  Isotropic  character,  high  relief,  perfect  cubic  cleavage, 
and  mineral  associations  are  usually  sufficient  to  identify  the  mineral. 
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PEROVSKITE. 

PsEu  DO-ISO  Mcnuc  CaTiOj 

Phvs.  Char.  Crysials  often  cubic  in  aspect;  also  octahedral, 
trisoctahedral,  etc.  Also  in  rounded  grains,  or  reniform  masses.  Intimate 
penetration  twinning  usually  present.  Cubic  cleavage  distinct  in  large 
crystals;  not  visible  in  thin  section.  H. ^5.5.  G.  =  4.02-4.04.  Infusible. 
Decomposed  by  sulphuric  acid 

Opt.  Pkof.  Apparently  isotrc^>ic  in  small  crystals.  In  large 
crystals  always  anisotropic,  with  complex  interlaced  twinning,  which  may 
be  explained  like  the  twinning  of  garnet  (pyreneile)  or  boracjte.  The 
mineral  is  orthorhombic,  or  of  lower  symmetry  at  ordinary  temperatures; 
it  is  probable  that  it  is  strictly  isometric  at  the  temperature  and  pressure 
of  formation.  Twinning  often  absent  in  small  crystals.  All  the  optic 
properties  of  the  twins  not  fully  known!  Dispersion  p  >  v  about  Z. 
(±)  2f'  =  about  90° 

»  =  2.3& 
ttg  —  Up  =  0.007  as  a  maximum;  variable. 

Color  pale  yellow,  orange  yellow,  reddish,  brown,  black;  in 
transmitted  light  grayish,  violet  gray,  brownish  to  reddish,  rarely  green- 
ish.    Colors  sometimes  arranged  zonal ly. 

Occur.  Perovskite  occurs  well  crystallized,  especially  in  [neta- 
morphic  rocks,  both  regional  and  contact.  Also  common  as  a  microscopic 
element  in  melilite  basalt  and  nepheline  liasalt.  Here  it  is  one  of  the  first 
minerals  to  crystalhze;  therefore  fnelusions  are  rare;  it  may  be  formed  by 
the  aheraiion  of  ilmenite. 

DiAG.  The  extremely  high_  refringence,  the  complex  twinning, 
the  color  and  the  weak  birefringence  usually  identify  perovskite. 

PETAHTE. 

MoNOCLTNic  a:b:c::  1. 1534: 1 10,7436  LiAl(SijOj)j 

,9  =  67°  34' 
Phvs.   Char.     Crystals   rare,   often   elongated    ||   a;   usually   in 
foliated       cleavable       masses.  PETALITE 

Oeavnge  perfect  1|  001,  easy  || 
201,  difficult  II  505.  Colorless, 
or  slightly  tinted.  H.  =  6.-6.5. 
G.  =  2.39-2,46,  Phosphorescent 
on  heating.  Fusible  ct  r.bout  5. 
Soluble  in  HF  (spodumene  is 
insoluble).     Insoluble  in  ordi- 

Opt.      Prop,       The 
plane  of  the  optic  axes  is  nor-         t06 
mal  to  010;  the  positive  acute 
bisectrix  is  normal  to  oio;  the 
obtuse      bisectrix      makes      an 

angle  of  2°   to  3°   with  001   in  Figure  IfiS.     Opt 

the  acute  angle  ,8;   oplic  angle  potallle. 

large.  Dispersion  p<f  weak;  also  weak  crossed  dispersion. 


C.u:,..J.AjOI>^Ic 


PETALITE—PHARMACOSIDERITE.  315 

■,=  1.516  ti„=i.sio  i«p  =  i.S04 

Colorless  or  somewhat  tinted.    Colorless  in  thin  section. 

OccuK  Rare.  Found  in  pegmatites  and  similar  rocks,  and  in 
some  ore  deports.    Often  associated  with  spodumene,  tourmaline,  etc. 

DiAC  Cleavage  angle  141°  between  two  unequal  cleavages; 
large  optic  ai^Ie,  positive  character,  low  relief,  rathec  weak  birefringence, 
1  nearly  parallel  to  the  best  cleavage,  which  has  negative  direc- 


PHARMACOLITE. 

MosoojKic  a:b:e:: 0.614:  i : 0.362  HCaAsO^  +  aH^O 

y3  =  83°i3' 
Pays.  Chab.    Crystals  elongated   ||  a;  with  domes;  often  fi- 
brous to  acicular;  stalactitic;  massive.    Cleavige  perfect  !|  010.    H.  =  3.- 
Z.5.    G.  =  2.64-3.73.    Fusible  with  intumescence  and  blue  flame.     Soluble 

Opt.  Prop.    The  optic  plane  and  obtuse  bisectrix  Z  are  normal 
to  010;  X  makes  an  angle  of  +70°  with  c, 
(— )  2H^^iia°2or 
",—  1.5937    '•^  =  ■■5891     n„=i.s82S 

Color   white  to  grayish  or  reddish.     Streak  white. 

Occtin.    Found  with  ores  of  cobalt  and  silver,  and  with  arseno- 

BniBhite  (HCaPO^ -t- aHjO)  is  mwnoclinic  with  a:b:c:: 
0.623:1:0.342  and  j8  =  84°4S'.  Crystals  slender,  prismatic;  also  con- 
cretionary. Clearage  perfect  ||  010,  and  Joi.  H.  =  2.-2,5.  G.  =2.2-2.3. 
Fusible  with  intumescence.  Soluble  in  dilute  acids.  Optic  plane  and 
acute  bisectrix  Z  normal  to  oio;  XAf  =  IO°.  2l'  =  Rs''43';  n^=i.SS09. 
»B=i-5S4S;  "p=1.5393;  «,— (1^  =  0.0117.  Colorless  to  pale  yellow. 
Streak  white.    Found  in  guano.    Very  rare. 

Hudingerite  (HCaAsO^-t-HjO)  is  orthorhomWc  with  a:b: 
r ::  0.839 : 1 : 0.499.  Like  pharmacotite  in  characters,  but  G.  =  2.85.  Optic 
plane  parallel  to  100;  acute  bisectrix  Z  normal  to  001.  Axial  angle  large. 
",=  1.67.     Color  white.     Found  with  pharmacolite. 

Wapplerite  (HCaAsO^-|-3ViHjO)  is  monoclinic  (ortriclinic?) 
with  a:b:c::  0,913 :  i :  0.266  and  ,9  =  84"  35'.  Crystals  small,  highly  mod- 
ified; also  globular,  encrusting,  reniform.  Cleavage  ||  010,  H.  =  3,-2.5. 
G.  =  3.48,  Optic  plane  and  acute  bisectrix  normal  (or  nearly  normal)  to 
010 ;  obtuse  bisectrix  makes  an  angle  of  — 69°  with  c.  3B  =  ss".  Crossed 
dispersion  with  p<f.    Colorless  to  white.     Found  with  pharmacolite, 

PHARMACOSIDERITE. 

TsoHCTiiic  3FeAsOj  ■  Fe(OH)  ^  +  6H,0  ? 

Coup.    Exact  composition  somewhat  1 
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Phys.  Char.  Crystals  cubic,  tetrahedral,  or  combined.  Rarely 
granular.  Cleavage  imperfect  ||  loo.  H.  =  2.5.  G.  =  3.g-3.  Easily  fu- 
sible.   Soluble  in  HCt. 

Opt.  Prop.  Isotropic;  sonietimes  birefringent.  Refringence 
high.  11  =  1.676.  Color  olive  green  lo  yellowish  brown,  yellow,  green. 
Streak  paler. 

Occur.    Found  especially  in  copper  mines  with  scorodiie.  en- 

PHENACITE. 

Rhombouedbai.  e  =  a66i  Be^SiO^ 

Phys.  Chab.  Commonly  in  lenticular  rhomboheijral  crystals, 
or  in  prisms  more  or  tesa  elongated  ||  c.  Twinning,  commonly  by  pene- 
tration, with  loTo  as  twinning  plane.  Cleavage  difficult  ||  ii3o  and  lori. 
Fracture  conchoidal  or  uneven.     H.  =  7.-8.     G.  =  2.96-3«3.     Infusible.  In- 

Opt.  Piop.    Uniaxial  and  positive.     Relief  distinct. 

fi,  =  1.6697    fip=  1.6540 

fig  — nj,=:o.ois7 

Colorless ;  also  yellow,  brown  or  red  by  infiltration  of  iron  com- 
pounds. Usually  colorless  in  thin  section ;  the  yellow  variety  in  thick 
sections  shows  distinct  pleochroism  with  Z  yellow.  X  colorless. 

OccL'R.  Found  in  pegmatites  and  some  metamorphic  rocks. 
Rare. 

Willemite  (Zn^SiO^)  is  isomorphous  with  phenacite,  with  c  = 
0.677.  atid  is  like  it  in  characters,  but  has  cleavage  ||  ii3o.  or  0001.  H.:= 
5.5,  G.  =  3.9-4.2.  It  is  difficultly  fusible  and  gelatinizes  with  HCl.  Uni- 
axial and  positive;  re,=  i.7ii8.  Bp— 1.(^931;  n, ^ b^  —  0.0187.  Colorless 
white,  greenish,  yellow,  apple  green,  flesh  red,  grayish  white,  yellowish 
brown.  Streak  colorless.  Colorless  in  thin  section.  A  variety  containing 
considerable  manganese  is  known  as  trooslite.  Fmmd  in  zinc  mines  with 
franklinite,  zincite.  smithsonite,  calcite;  also  with  mimetite  and  wulfeniic. 

Trimerite  [(Be,Mn,Ca)jSiO,l  is  related  to  phenacite  in  com- 
position, but  is  pseudohexagonal  (ir  =  0.723)  atid  trielinic  with  a:b:c:: 
0.577:1:0.542.  and  o  =  ^  =  y  =  90±.  Crystals  thick  tabular  prismatic, 
hexagonal.  Cleavage  distinct  ||  001  (or  0001).  H.  =  6.-7-  G.  =  3.47. 
Fusible  with  difficulty.  Soluble  in  HCl.  Acute  bisectrix  nearly  normal 
to  coi :  optic  plane  makes  an  angle  of  about  20°  with  no.  ( — )  aF  = 
83°29';  n,=  i.7253-  'i^=i.7202.  %  — 17148;  n^~  "„  =  0.0105.  Color 
pink,  luster  vitreous.  Colorless  in  thin  section.  Found  in  calcite  in  a  man- 
ganese mine.     Very  rare. 

DiAG.     The    higher    relief   and    slightly    stronger    birefringence 

distinguish  phenacite  from  quart;.     The  crystal  form  and  twinning  (and 
hardness)   also   serve  to  differentiate  it. 

PHILLIPSITE,   see   zeolite   group.     PHLOGOPITE,   see   mica 

group. 
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PHOSGENITE. 

Tetraconai.  f=  1.0876  (PbCl)jCO, 

Phys.  Cbak,  Crystals  prismatic,  pyramidal  to  tabular.  Cleav- 
age distinct  11  110  and  100,  less  distinct  ||  001.  H.  =  2.5-3-  G.  =  6.-6,3- 
Easily   fusible.     Effervesces   in   dilute   HNO^. 

Oft.  Prop.  Uniaxial  dnd  positive..  Refractive  indices  in  orange 
light,  11^^2.140,  «p  =  2.il4:  Hj  —  «p  =  aoaO.  Color  white,  gray,  yellow. 
Luster  adamantine.    Colorless  in  thin  section. 

OcciTB.  Found  in  lead  mines ;  formed  by  sea  water  acting  on 
ancient  lead  slags  in  Greece.    Alters  to  cerussitc.    Rare. 

PHO  SPHOSIDERITE. 

Obthobhombic  a:b:c::  0.533 :  i  '■  0877  FePO^  +  Sl^H^O 

Phys.  Cuak.  Crystals  prismatic,  rough.  Cleavage  perfect  \\ 
010.  H.  =  3.5-4.  G.  =  a.76.  Easily  fusible  to  magnetic  bead.  Soluble  in 
HCI. 

Opt.  Psop.    The  optic  plane  is  parallel  to  oio;  the  acute  bisec- 
trix Z  is  normal  to  001.     Optic  angle  large;  dispersion  p>r  strong. 
i+)  2£  =  i26°26'  (aP'=T62°4') 

"m=''7315 
Color  red  to  violet.     In  Section  Z  colorless,  Y  carmine,  X  pale 

OccxiB.    Found  in  cavities  in  iron  ore.     Very  rare. 
PICROMERZTE. 
MoNOCLiNic  a:b:e::o.727:  i:a40o  K„Mg(SOj)j  -|-6HjO 

^-75°  12' 

Phvs.  Char.  Crystals  rare;  usually  in  crusts.  G.  =  2.1-2.2. 
Yields  water  at  low  temperature. 

Opt.  Pkop.  The  optic  plane  is  parallel  lo  010  i  the  acute  bisec- 
tri:i  Z  makes  an  angle  of  —76°  with  c.  Dispersion  p  >  v.  2E  =  74°  2'- 
(2^=48°  21').  »„=i.470.     Color  white. 

Occus.  Found  as  a  product  of  action  of  volcanic  gases;  also 
in  some  salt  mines  with  kainite.     Very  rare. 

Cjranochroite  [KjCu(SO^)j  +  6HjO]  is  isomorphous  with 
picromerile,  with  a:  t  r  c;  :o.748:  i  LO.30S  and  fi  =  7S°  So'.  Usually  in 
crusts.  Optically  like  picromerite,  but  Za^  =  — 71"-  2£  =  76°53'. 
(2(^  =  48°  53').  n„=i.49i-  Color  blue.  Found  with  picromerite  on  lavas. 
V.ery  rare. 

Botwaingaultite  I(NH,)jMg(SO,>„ -f  eH^O)  is  isomorphous 
with  picromerite,  with  a:6:  c:  :o.744: '  :o.4&5  and  ^  =  71°  50'.  Crystals 
prismatic.  G.  =  1.(8-1.72.  Oplic  plane  parallel  to  oio;  acute  bisectrix 
nearly  parallel  to  a.  2E-=T}°  2^.  n„  =  1.4737.  Found  in  waters  con- 
taining borates,  and  about   fumaroles.     Very  rare. 

PIEDMONTITE,  see  epidote  group.  PIRSSONITE.  see  gay- 
Inssite.  PISANITE,  sec  meUnterite.  PLACIOCLASE,  see  feldspar 
group,  ■  PLATTNERITE.  see  rutile  group.  POLIANITE,  see  rutile 
group.    POLLUCITE,  see  Icucite. 


C.u:,z..J.AA)1>^Ic 


3i8 


OPTICAL  MINERALOGY. 


Ag,SbS, 


PREHNITE 


POLYBASITE. 

Orthoihombic  a:b:ei: 0.579 - 1 ' 0-9^3 

Coup.    Copper  cCHnmonly  replaces  some  silve 

Phys.  Char.  Crystals  six-sided  tabular  prisms.  Twinning  on 
no  coirunon.  Cleavage  imperfect  ||  001.  H.  =  3.-3-  G.=6j>-6.2.  Fu- 
sible with  spurting  to  globule.    Decomposed  by  HNO^. 

Opt.  Prop.'  The  optic  plane  is  parallel  to  100;  the  acute  bisec- 
trix X  is  jiormal  to  001.  Optic  angle  variable,  2B^6a'-8&''.  Color  iron 
black.    Streak  black.    In  thin  section  cherry  red. 

Occur.    Found  in  veins  with  silver  and  copper  ores. 

PREHNITE. 

Obtborhombic  a:b:c:io.84o:  i:o.sS5  HjCa^AljCSiO^). 

Pbvs.  Crak.  Crystals  rare;  tabular  ||  001,  prismatic  or  pyram- 
idal. Often  in  aggregates  of  tabular  crystals,  fa.n-shaped  or  sheaf-like. 
Also  globular,  reniform,  spherulitic.  Qeavage  distinct  ||  OOi.  very  diffi- 
cult II  no.  H.  — 6.-6.5.  G.  —  2.80-2.95.  Fuses  at  2  with"  intumescence 
to  a  blebby  enamel.     Slowly  soluble  in  HCl  without  gelatinization. 

Opt,  Prop.  The  plane  of  the  optic  axes  is  parallel  to  010;  the 
positive  acute  bisectrix  is  normal  to  001.  The  relief  is  distinct,  and  high 
as  compared  with  other  minerals  originating  by 
alteration.  The  birefringence  is  strong.  The 
angle  of  the  optic  axes  is  large  and  somewhat 
variable.  The  axial  dispersidn  is  weak  and  vari- 
able, usually  p  >  K 

(+)  aF^ee^-ep"  (2E  =  i23°±) 

«,=  i-649    »„  =  i.626    np=i.6i6 
«g  — «p  =  0J333 

Color    pale   green,   apple   green,   gray, 
white.     Colorless  in  thin  section. 

Optic  anomalies  are  not  uncommon  in 
prehnite.  Some  sections  show  fine  twinning  la- 
mellat  like  those  of  microcline;  sections  parallel 
to  001  may  show  areas  with  twinning  lamellx 
parallel  and  normal  to  lOO,  having  parallel  ex- 
tinction, the  optic  plane  at  right  angles  in  the 
two  sets  of  lamella;,  the  optic  angle  very  small  and  the  interference  figure 
exhibiting  strong  crossed  dispersion ;  other  areas  may  show  incomplete 
extinction  and  abnormal  interference  colors.  These  facts  suggest  that  the 
orthorhombic  form  may  be  due  to  microscopic  twinning  of  monclinic 
individuals. 

Incl,  Prehnite  owes  its  green  color  largely  to  abundant  inclu- 
sions, irregularly  distributed,  of  chlorite.  Similarly,  limoniie  may  give 
it  a  yellowish  lint.    Finally,  asbestos  occurs  enclosed  in  it. 

Alter.  The  chlorite  mentioned  above  may  at  times  be  an  al- 
teration product 

Occur,    Prehnite  is  found  chiefly  in  cavities  in  basaltic  rocks 


li 


Plfure   164. 

Optical    orientation 

ol   prehntte. 
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associated  with  zeolites,  datolite,  pectolite,  cakite.  It  is  also  found  in 
cavities  in  crystalline  schists,  in  crystalline  limestone,  and  dolomite,  and 
in  metalliferous  veins.  It  is  a  constituent  of  some  amphiboles  and  related 
rocks. 

DiAG.  Prehnite  is  distinguished  from  other  colorless  altera- 
tion products  Ij  its  high  refringence  and  strong  birefringence;  in  these 
respects  it  most  closely  resembles  thomsonite,  but  the  latter  is  nearly 
always  fibrous  with  elongation  of  variable  sign.  Prehnite  is  distinguished 
from  andalusite,  topaz  and  wollaslonile  by  stronger  birefringence,  and 
from  datolite  by  weaker  birefringence  and  opposite  sign. 

PROLECTITE,  see  humite  group.     PROSOPITE,  see  cryolite. 
PROUSTITE,  see  pyrargyrite. 

PSEUDOBROOKITE. 

Okthokhoubic  o:6:c::o.9eia:  i;  1.1268  Fe^(TiO^),? 

Phvs.   Chak.     Crystals  small  rectangular  tablets  flattened  par- 
allel to  100,  usually  striated  parallel  to 
tical    axis.        Cleavage    distinct    1 1    010. 
G.  =  4.4-4.9.     Nearly  infusible.     Decomposed  by 
HjSO,. 

Opt.  Pbop.  The  plane  of  the  optic  ax- 
es is  parallel  to  001.  The  positive  acute  bisec- 
trix is  normal  to  100.  Refringence  high.  Bire- 
fringence strong.  Optic  angle  large.  Distinct 
dispersion,  with  p<v. 

(-f)   2//,  =  84°  30' 

Color  dark  brown  to  black,  nearly 
opaque.  Luster  adamantine  to  greasy.  In  very 
thin  sections  reddish  brown ;  pleodiroism  weak, 
with  maximum  absorption  parallel  to  Y. 

OccuB.  Found  rarely  in  volcanic 
racks  and   still   more   rarely   in  granitic   rocks. 

Diag.     Resembles  brookite  in  exterior 
characters,  but  may  be  distinguished  by  the  form,  the  solid>ility  in 
phuric  acid,  the  larger  optic  angle  and  the  absence  of  marked  dispei 


PSCUDOBROOKITC 


Flstire    ISE. 

Optical   orientation   of 

pM  udDbrooki  te. 


PSEUDOUALACHITE. 


Tkkxinic? 


: :  2.8as : 


(CuOH>,P0^  in  part 


1:1  534 
0  =  89°  30'  j8=gi''i'  y^go", 
CoMP.  The  formula  is  doubtful  because  material  is  commonly 
and  impure.  Three  species  are  sometimes  distinguished : — pieudo- 
malachite,  (CuOH),PO^,  eklite  Cu(CuOH),(POJj -|-HjO,  and  dihy- 
drile  Cu(CuOH)/PO^),.  The  axial  ratio  given  above  belongs  to  dihy- 
drite,  which  alone   has  distinct  crystals. 

Phvs.  Char.  Usually  massive,  reniform,  botryoidal,  with 
fibrous  or  lamellar  texture.  Oeavagc  imperfect  ||  010.  H.  =  4.5-5.  G.  = 
3.4-4.4.    Fusible  at  2  giving  green  flame  color.     Soluble  in  HNOj. 

Opt.  Prop.    In  dihydrite  the  acute  bisectrix  X  is  nearly  nor- 
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mal  to  loi  and  makes  an  angle  of  68°  witK  a  normal  to  lOO;  the  obtuse 
bisectrix  makes  an  angle  of  about  5°  with  a  normal  to  010.  Birefringence 
strong.  2E=^g%°.  Color  emerald  Rreen,  blackish  green.  Streak  paler. 
Luster  vitreous.  In  thin  s<'C[ion  distinctly  pleochroic  with  Z  deep  bluish 
green,  Y  yellowish  green.  X  bluish  green. 

Occur.     Found  in  copper  veins  in  slate.    Rare. 

PYRARGYRITE. 

Rhombohedral  c  =  0.789  .\g,SbS.. 

Phvs.  Char.  Crystals  commonly  prismatic  and  hemi- 
morphic;  twinning  on  ii2o  common  with  0001  as  composition 
face;  twinning  common  on  iof4  either  as  simple  or  multiple 
twins ;  twinning  on  10"  i  uncommon.  Massive,  compact.  Cleav- 
age distinct  ||  loii,  indistinct  ||  oiTa.  H.  =  2.5.  G.  —  5.77- 
S.&>.  Fusible  with  spurting.  Decomposed  by  HNO„  but  only 
partly  soluble. 

Opt.   Prop,     Uniaxial  and  negative.     Refringence  ex- 
tremely high,  birefringence  extremely  strong. 
H,  =  3.084    Mp  — 2.881 
«»  —  "p  =  0203 

Color  black  to  grayish  black.  Streak  purplish  red.  Lus- 
ter metallic  ad.imantine.     In  thin  section  red. 

OcciR.  Fcimd  in  veins  with  other  silver  ores  and  with 
galena,  sphalerite,  tetrahedrite,  etc. 

Proustite  (AgjAsS,)  is  isomorphous  with  pyrargyrite, 
with  c  =;  0.804.  Crystals  often  acute  rhombohedral.  Cleavage 
distinct  ]|  loll.  H  =  2.-2.5.  ^-^^  5-57 -5-^4-  Easily  fusible. 
Decomposed  by  HNO,.  Uniaxial  and  negative;  »f(  =  3.0877, 
«,  ^^  2.7923,  H,  —  itf  ^  0.2953.  Color  scarlet  to  aurora  red.  Lus- 
ter adamantine.  In  thin  section  bright  red.  Occurs  with  pyrar- 
gyrite. 

Pyrostilpnite  (Ag^SbS,)  has  the  composition  of  pyrargyrite. 
but  is  monoclinic  with  a:  6:  c: :  1.947:  1  :  1.OQ7  and  p  =  go' ±.  Crystal? 
long  prismatic  often  in  tufis.  Cleavage  perfect  ||  010.  H.  =  2.  G.  = 
4.25.  Extinction  angle  on  010  8°  to  11°  from  c.  Color  liyacimh  red. 
J"ound  with  pyrargyrite.     Very  rare. 

Xanthoconite  <Ag,AsS.)  ha.'i  the  composition  of  proustite. 
hut  a  form  like  the  preceding  with  a:  6:  r: :  1.919;  I ;  1.015  and  g  — 91° 
i.V-  Cry.^tals  pyramidal.  Cleavage  distinct  ||  OOi.  H.  =  2.-3.  G.  =  5.54- 
Optic  plane  normal  to  oio;  acute  bisectrix  X  nearly  normal  to  001.  2E  = 
125°+.  Dispersion  p  <i'.  Color  orange  to  reddish  brown.  Streak 
orange  yellow.     Lemon  yellow  in  section.     Found  with  silver  ores.     Very 
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PVRITE—COBALTITE. 


PYRITE. 


Isometric.  FeS, 

Phys.  Char.  Crystals  commonly  cubes,  pyritohedrons 
or  octahedrons;  faces  often  striated  parallel  to  the  edge  100A210. 
Also  massive,  fine  granular,  radiated,  etc.  Twinning  usually  by 
penetration  with  a  as  the  twinning  axis.  Cleavage  indistinct 
11  100  and  in.  Opaque.  H  =  6.-6.5.  G.  =4.95-5.1.  In  the 
closed  tube  gives  a  sulphur  sublimate  and  a  magnetic  residue. 
Burns  with  a  blue  flame.  Insoluble  in  HCI;  decomposed  by 
HNO,. 

Opt.  Prop.  Opaque.  In  reflected  light  pale  brass  yel- 
low color  and  brilliant  metallic  luster.  Streak  greenish  black. 
Polishes  with  difficulty  and  in  relief  on  account  of  the  hardness. 

Alter.  Pyrite  alters  in  nature  quite  readily:  the  pro- 
cess may  be  one  chiefly  of  oxidation,  or  it  may  be  largely  hydra- 
tion, in  the  first  case  the  product  is  hematite,  or,  more  common- 
ly, limonite  or  gothite.  In  the  second  case  the  product  is  chiefly 
nielanterite,  sometimes  mixed  with  copiapite,  gypsum,  halotri- 
chite,  etc.  The  alteration  of  pyrite  usually  results  not  only  in 
the  formation  of  new  iron  minerals,  but  also  in  the  production 
of  free  sulphuric  acid;  therefore,  altered  pyrite  is  often  accom- 
panied by  various  other  sulphates  fomied  by  the  action  of  this 
free  acid  on  surrounding  minerals.  Gypsum  is  very  commonly 
produced  in  this  way;  in  other  cases  the  product  may  be  aluno- 
gen,  halotrichite,  or  still  other  sulphates. 

Occur.  Pyrite  occurs  under  many  varying  conditions; 
it  is  one  of  the  most  widely  distributed  of  minerals.  Thus,  it  is 
found  in  many  igneous  rocks,;  usually  in  very  small  amount ;  it 
occurs  in  various  metamorphic  rocks  like^vise  in  small  amount: 
it  is  found  in  some  purely  sedimentary  rocks,  in  some  cases  being 
evidently  of  contemporaneous  origin,  but  more  frequently  being 
deposited  in  the  rock  at  a  later  date :  finally,  it  is  found  often  in 
abundance  in  many  ore  deposits,  and  hot  spring  deposits. 

Smaltite  (CoAs,)  and  chloanthite  (Ni.^s^)  are  isomorphoiis 
with  pyrite.  Cleavage  distinct  parallel  iii,  in  Iraces  ||  100.  H.  =  5.5-6. 
G.  =^  6.4-6.6.  Fusible  to  a  globule.  Opaque.  Color  tin  white  to  steel  gray. 
Streak  grayish  black.  Luster  metallic.  .Alters  10  erylhrite.  Found  in 
veins  and  ore  deposits. 

Cobaltite  (Co.AsS)  belongs  to  the  same  group.  Crystal  cubes. 
pyritohedrons.  or  modified.  Massive,  Ckavage  distinct  ||  100.  H.  =  5.5. 
G.  =6.-6.3.  Fusible  to  magnetic  globule.  Soluble  in  HNO,.  Opaque. 
Color    silver   white   to   dark   grayish,   always   tinged    with    red   or   violet., 
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Streak  grayish  black.    Luster  metallic     Found  in  ore  deposits.     Uncom- 

DiAG-  Pyrite  is  distinguished  from  many  opaque  min- 
erals by  the  pale  brass  yellow  color  and  metallic  luster;  distin- 
guished from  chalcopyrite  by  paler  color  and  greater  hardness, 
giving  poorer  polish.  Pyrrhotite  has  a  pale  bronze  yellow  color, 
is  softer  than  pyrite,  and  is  readily  attacked  by  HO,  which  pyrite 
resists.  Difficult  to  distinguish  from  rharcasite  in  the  absence  of 
crystal  form,  but  marcasite  has  a  slightly  paler  color,  a  lower 
density,  and  alters  more  readily. 

Pyrochlore  Group. 

IsouETiuc  Niobates  and  tantalates. 

CoMP.  The  compositior  of  these  minerals  is  too  complex  and 
imperfectly  known  to  permit  writing  definite  formulas,  Pyrochlore  is 
chiefly  a  niobate  of  the  cerium  metals,  calcium,  etc.,  with  titanium,  thor- 
ium, and  fluorine ;  koppiU  is  essentially  a  pyroniobate  of  cerium,  calcium, 
etc.;  halchetlolite  is  a  hydrous  tantalo-niobate  of  uranium,  calcium,  etc.; 
fyrrhiu  (also  called  microlite}  is  essentially  a  pyrotantalate  of  calcium 
with  some  niobium;  dysanalite  is  a  titano-niobate  of  calcium,  iron,  etc. 

Phvs.  Char.  Commonly  in  octahedrons  or  grains,  or  cubes 
(dysanalite),  or  dodecahedrons  (koppile).  Oeavage  absent  or  indistinct 
II  100  idysanaliU)  or  ||  iii  (,Pyrochlore).  H.  —  5,-6.  G.  =  4.ij  (aysaii- 
alite},  4.2-436  (.pyrochlore),  4.45-4.56  (koppite),  4.77-4.90  (hatchetlolite}, 
5.1-5.4  (pyrrhile).     Infusible,  or  diflicultly  fusible.     Decomposed  by  sul- 

Opt,  Prop.  These  minerals  all  have  a  very  high  index  of  re- 
fraction and  show  shagreen  surfaces  resembling  that  of  titanite,  Pyrochlore 
is  reddish  brown  to  golden  yellow  in  transmitted  light,  usually  completely 
isotropic;  koppite  is  red  to  brown  in  section  and  isotropic;  katchettoiite  is 
brown  to  yellow  and  isotropic ;  pyrrkile  is  orange  yellow  to  red  in  trans- 
mitted light  and  hyacinth  red  in  reflected  light,  and  isotropic ;  dysanalile 
is  iron  black  with  submelallic  luster  and  opaque. 

In  mass  the  color  is  brown  in  pyrochlore,  hyacinth  red  in  pyr- 
rhite,  clear  brown  in  koppite.  and  opaque  black  In  dysanalite.  Pyrochlore 
also  occurs  in  crystals  or  grains  with  varying  color — in  zones  of  yellow 
and  brown. 

Occur.  Found  in  nephelite  syenite  and  alkaline  granite,  in 
pegmatite  veins  and  in  crystalline  limestones.     Very  rare. 

PYROCHROITE,  see  brucite.     PYROMORPHITE.  see  apatite 
group.     PYROPE,  see  garnet  group,     PYROPHANITE,  see  ilmenite 

group. 

PYROPHYLLITE. 

MoNOCLiNic?  Axial  ratio  unknown  HjAljSi,0,. 

Phvs.  Char.    Unknown  in  crystals;  occurs  in  lamellar  masse;. 
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Figure  1G6. 

Optical    orlentatlun   of 

pyrophyllUe. 

stinguished  from  kaoHnilc 


i  radiated  or  fibrous.  Also  found  in 
cryptocT7stal1ine  masses  resembling  talc.  Cleav- 
age perfect  ||  001,  giving  flexible  but  inelastic 
lamellx.  H.=  1.-1.5.  0.^=3.772.9.  Difficult-- 
1y  fusible,  oflen  after  much  increase  in  volume. 
Partly  decomposed  by  sulphuric  acid. 

Opt.  Prop.  The  plane  of  the  optic 
axes  and  the  negative  acute  bisectrix  are  sens- 
ibly normal  to  oot ;  relief  distinct ;  birefrin- 
gence  strong;  optic  angle   large.     Dispersion 

(— )  2£=io5°-iio°    (2^  =  62°  ±) 
»  =  i.58 
n,  —  "p  =  0.041 
Colorless,    white,    yellowish,    green- 
ish.    Colorless  in  thin  section. 

Occur.  Found  in  some  schistose 
rocks,  occasionally  makirg  up  the  mass  of  the 
rock.  Sometimes  used  to  make  slate  pencils. 
DiAC.  Distinguished  from  talc  and 
muscovite  by  the  large  angle  of  the  optic  axes;  d 
by    much  stronger  birefringence. 

Pyroxene  Group. 

The  minerals  of  the  pyroxene  group  are  very  closely 
related  in  crystallt^aphic  and  other  physical  characters,  as  well 
as  in  optical  characters  and  chemical  composition,  althougli  they 
crystallize  in  three  different  systems  { orthorhombic,  monoclinic 
and  triclinic).  In  all  of  them  the  fundamental  and  common  form 
is  a  prism  whose  interfacial  angles  are  about  87°  and  93°,  while 
parallel  to  both  prism  faces  cleavages  occur,  which  are  distinct 
in  all  species.  Chemically,  the  pyroxenes  are  metasilicates  of 
calcium,  magnesium  or  iron,  or  more  complex  silicates  often 
containing  two  or  more  bases,  both  bivalent  and  trivalent. 

Phys.  Char.  The  pyroxenes  commonly  crystallize  in 
prismatic  forms,  long  or  short.  They  have  two  good  cleavages 
parallel  to  no:  and  twinning,  when  present,  usually  has  too  as 
the  twinning  plane.  H.  =  5.-7.  G.  =  2.8-3.7.  Fusibility  2  -6. 
Insoluble,  partly  sohible,  or  soluble  with  gelatin ization  in  acids. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to 
OTO  in  the  orthorhombic  and  monoclinic  pyroxenes;  the  acute 
bisectrix  is  usually  positive,  and  in  the  monoclinic  pyroxenes 
makes  a  variable  angle  with  the  vertical  axes  in  the  obtuse  angle 
lOOAOOi.  See  figure  167.  These  pyroxenes  are  sometimes  elon- 
gated parallel  to  c,  sometimes  flattened  parallel  to  100.     WTien 
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Figure  167.  Diagram  ahowtne-  the  position  < 
In  the  monodlnip  iiyroxpnes.  Jadeite  -A-ith  n 
with  a  — ZA  t  =  -tS''    to   4Sf   ar.j  omlUed. 

parting  occurs  it  is  parallel  to  loo  or  ooi.  The  relief  is  always 
quite  distinct,  and  the  birefringence  varies  from  0.009  in  enstatite 
to  0.029  i"  diopside  and  0.052  in  acniite.  The  angle  of  the  optic 
axes  is  usually  large  (54°  to  90°).  but  rarely  it  is  very  small. 

Color  black,  green,  brown,  yellow,  white,  blue.  In  thin 
section  usually  pale  to  colorless,  with  plcochroism  weak  or  ab- 
sent. But  soda  pyroxenes  have  a  distinct  green  color  and  plc- 
ochroism. 

Alter.  Pyroxenes  alter  quite  readily,  especially  to  ani- 
phiboles.  This,  and  other  modes  of  alteration,  will  be  described 
under  the  various  species. 

Occur.  Pyroxenes  are  essential  constituents  of  many 
igneous  rocks,  and  occur  in   nearly  all   such  rocks.     They  are 
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also   found   in   various   metamorphic   rocks,   both   regional   and 
contact,  and  in  meteorites. 

DiAG.     The  pyroxenes  may  be  distinguished  from  am- 
phiboles  as  follows; — 

Pyroxenes  Amirfiiboles 

Cleavage  angle  about  124° 
Maximum  extinction  angle  o°-2S° 

(Except  arfvedsonite,  etc.) 
Most  species  negative 
Color  and  pleochroism  usually  in- 

Crystals  usually  long  prismatic  to 

fibrous. 
Alter     to   chlorite,   etc,      (Change 
to  pyroxene  only  through  meta- 
morphism) . 
The  pyroxenes  may  be  classified  as  follows: — 
Orth. 


Cleavage  angle  about  93° 
Maxiniiun     ext 

95°.  (Common  species  30°-S4°) 
Most  species  positive 
Color     and     pleochroism     usually 

Crystals    usually    short    prismatic. 

Alter     to  .imphiboles,  etc. 


a-.b-.i 


a:b:c' 


Enstatite 
Bron^ite 
Hypers  then  e 


Diopside 
Hedenl»ergite 

Jadeite 
Rhodonite 

Babingtcnite 
?!iortdahlile 


0.9702:  1 
0.971311 


;  0.5710     r.0307: 


0.5704     1.0319: 

MONOCLINIC 


1.0913:1:0-5895 
1,0912: 1:0,5843 


MgSiO, 

(Mg.Fe)SiO, 
(Fe,Mg)SiOj 


CaMg(Si03)^ 

CaFe(Si03). 

wCa{Mg,Fe)  (SiO,)' 

+  n{Mg,Fe){AI,Fe),SiO, 

.'  LiAKS.O,), 

1'  NaFe(SiO,), 

NaAl{SiO,)„ 


Triclinic 
c::  1,0729;  1:0,6213  MnSiO, 

r  ^  =  108°  44'  7=81°  39' 

1:0,6308  m(Ca.Fe,Mn>SiOj  +  nFej(Si03>, 
31'  7  =  83°  34' 

(Naj.Ca)Fel(Si,Zr>OJ„ 


a:b:c::  1.0583:  1:0.7048 
a  =  90°  29'  p=  108°  49'  y  —  90"  8' 
It  is  to  be  noted  that  pectolite  and  wojlastonite  are  some- 
times included  with  the  monoclinic  pyroxenes,  but  they  difTer 
from  the  latter  in  axial  ratio,  in  cleavage,  and  in  optical  orienta- 
tion :  by  Lacroix  they  are  grouped  with  lavenite,  mosandrite, 
johnstrupite,  rinkite,  rosenbuschite,  and  wohlerite  in  an  "annex" 
to  the  monoclinic  pyroxenes. 


*  The  second  aet  al  axlB.1  ratios  levetaea  ( 
tals  and  malies  thR  a  aids  the  longer  lateral 
eleajly  the  close  relntlon  in  form  between 
■pedes  of  the  pyroxene  ffroup. 


these   minerals   and   the  other 
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ENSTATITE. 


a:b:c::  0.9702 ;  i :  0,5710  MgSiOj 

(or  a:bic::  1.0307:  i : 0.5885) 
Phys,  Char.  Distinct  crystals  rare,  prismatic.  Usual- 
ly massive,  fibrous  or  lamellar.  Twins  rare;  twinning  plane 
either  014  or  loi.  Cleavage  distinct  ||  no,  parting  often  dis- 
tinct II  010,  less  commonly  |j  100,  rarely  ||  001.  Enstatite  rare- 
ly occurs  wholly  free  from  iron;  varieties  containing  less  than 
5%  FeO  are  called  enstatite,  from  5%  to  14%  bronzite,  and 
more  than  14%  hypersthene.  H.  =  5.5.  G.  =  3.1-3.3.  Fusible 
at  6.     Insoluble  in  HCl, 

Opt.  Prop.     The  plane  of  the  optic  axes  is  parallel  to 
010;  the  positive  acute  bisectrix  is  normal  to  001.     The  refrin- 
gence  and  birefringence  increase  with  the  increase  in  the  per- 
CNSTATITt  BRONZITE 

for 


m 


III 


Figure  188.  PiKure   1S9. 

Optical   orlenta-  Optical  orienta- 

tion of  enstatite.  tlon  of  bronzite. 

centage  of  iron  present.     The  optic  angle  about  Z  also  becomes 
larger  with  the  increase  of  iron.    Dispersion  p  <v  weak. 

Enstatite  2.76%  FeO       Bronzite  10%  FeO    Hypersthene  22.6%  FeO 
(+)   2V  =  6^" A^'      (±)  2K  =  90°  about  (— )   2(^  =  72*16' 

»,  =  1.665  »,  =  '705 

«„  =  1.659  »„  =  1.685  about  n„=  1.702 

It^  =  i.6s6  »P=  1.693 

Mj — «j,  =  o.oo(»  ■       «g  —  «p  =  o^i3 

Color  white,  gray,  yellow,  brown,  olive  green;  the  dark- 
er colors  belong  to  varieties  containing  more  ircm  (bronzite). 
Enstatite  is  colorless  in  thin  section ;  bronzite  is  colorless  or  near- 
ly so;  but  in  thick  sections  (about  i  mm.)  bronzite  is  pleochroic, 
with  Z  ^bright  green,  Y  =  brownish  yellow,  X  =  pale  yellow. 
Incl.  Often  contain  gaseous  or  liquid  inclusions  which 
may  be  elongated  parallel  to  the  vertical  axis  of  the  pyroxene; 
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also  vitreous  inclusions,  and  inclusions  of  various  other  minerals, 
such  as  magnetite,  apatite,  etc,  Bronzite  also  often  contains  in- 
clusions regularly  arranged  which  give  it  a  submetallic  bronze- 
like  luster.     See  hypersthene  for  further  description. 

Alter.  Enstatite  alters  frequently  through  ordinary 
wpathering  to  a  variety  of  serpentine  called  bastite.  Bastite  is 
geometrically  oriented  on  the  altered  pyroxene,  and  one  crystal 
of  bastite  replaces  a  crystal  of  enstatite.  The  trace  of  easy  cleav- 
age of  the  two  minerals  is  in  the  same  direction,  but  the  optic 
properties  are  different,  the  cleavage  being  parallel  to  the  trace 
of  the  optic  plane  in  the  pyroxene  and  perpendicular  to  it  and 
to  the  negative  acute  bisectrix  in  bastite.  The  refringence  (1.5-  ■ 
1.6)  of  bastite  is  much  less  than  that  of  enstatite.  The  bire- 
fringence is  weak.  The  optic  plane  is  parallel  to  oio;  the  posi- 
tive acute  bisectrix  is  normal  to  001,  (cleavage  ||  100).  The 
optic  angle  is  variable  (2E  ^20°  to  nearly  90°).  Dispersion 
/)  >  w.  Pleochroism  weak  in  thick  sections.  In  mass  green  or 
yellow  with  bronze-like  luster. 

Enstatite  is  much  less  commonly  altered  to  uralite  (va- 
riety of  hornblende)  than  are  the  monoclinic  pyroxenes.  Its 
rarity  is  perhaps  to  be  explained  1^  the  absence  of  alumina  in 
enstatite;  the  fact  that  it  occurs  sometimes  is  in  harmony  with 
the  fact  that  alumina  (even  5%)  sometirhes  occurs  in  enstatite. 

Enstatite  occurs  rarely  partly  altered  to  talc ;  also  to 
serpentine  other  than  bastite;  by  fusion  and  recrysfallization  in 
nature  it  usually  changes  to  augtte. 

Occur.  Enstatite  is  a  common  constituent  of  many 
basic  igneous  rocks,  as  well  as  of  serpentine  rocks  derived  from 
them.  It  is  also  found  in  rocks  produced  by  endomorphism ;  it 
is  found  in  crystalline  schists.  Finally,  it  is  an  important  constit- 
uent of  many  meteorites. 

DiAG.  Distinguished  from  hypersthene  by  optic  sign 
and  absence  of  distinct  color  arid  pleochroism ;  distinguished  from 
monoclinic  pyroxenes  by  parallel  extinction  on  vertical  sections 
and  other  characters  resulting  from  orthorhombic  symmetry. 

HYPERSTHENE. 

Orthorhombic         a:b:c::  0.^713:  1:0.5704  (Mg.Fe)SiOi, 

or  a -.b-.c::  1.0307 :  i : 0.5872 
Phys.  Char.     Distinct  crystals  rare,  of  prismatic  habit, 
usually  elongated  ||  c;  sometimes  flattened  |1  100  or  010.    Usual- 
ly  massive  in  lamellae   (common   in  peridotites,  etc.)    or  cyclic 
forms;  twins  rare  in  stellate  forms  with  loi  as  twinning  plane. 
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HYPCRSTHCNC 


Cleavage  distinct  1 1  i  lo ;  parting  j  |  oio 
usually  very  distinct  in  fine  lines ; 
rarely  1 1  lOO.  H.  =  5.-6.  G,  =  3,3  - 
3.5.  Fusibility  increases  with  increase 
of  iron  content ;  fusible  to  black  enam- 
el.   Partly  decomposed  in  HC!. 

Opt.    Prop.     The    plane    of     8**^ 
the  optic  axes  is  parallel  to  010;  the 
negative  acute  bisectrix  is  normal  to     '^'^''^ot'ilvperaiKne''  ^''"" 
100.     The   refringence   and   birefrin- 
gence increase  with  the  increase  in  the  percentage  of  iron  present. 
.  The  optic  angle  about  X  becomes  smaller  with  the  increase   of 
iron.     Dispersion  p  >  u  weak, 
%FeO  =  iS-i     %FeO  =  22.6     9*  FeO=284 
(— )    2^  =  81'' 46'        72°  16'        70°  24' 
1,  =  1.705 

«„  =  1.695  r.702 

1.693 

Hg—  Mp  =  0,013         0015 "  FeO  uncfrlntnl 

Color  dark  brown,  grayish  black, 
brown,  yellowish  brown.  Luster  often  sub- 
metallic,  and  brcmze-like  on  oio.  In  thin 
section  color  clear  reddish  or  greenish  with 
distinct  pleochroism.  The  intensity  of  color 
or  pleochroism  increases  with  increase  of  iron. 
Absorption  formula  X  >  Y  >  Z.  Pleochroic 
colors,  in  thin  section  from  various  occur- 
rences : — 

Z  ^  bright  green  pale  green  bottle  green 

Y  =  yellowish  brown      pale  yellow        clear  red 
X  =  clear  red  reddish  yellow  brownish  red 

Incl.  Besides  gaseous,  liquid,  and  vitreous  inclusions 
similar  to  those  found  in  enstatite,  hypersthene  often  contains 
reddish  brown  inclusions  regularly  arranged  which  give  it  a  pe- 
culiar submetallic,  bronze-like  luster.  These  inclusions  consist  of 
lamellfe  lying  in  oio  elongated  either  parallel  or  perpendicular 
to  the  vertical  axis  (Tess  commonly  making  an  angle  of  30°  with 
this  axis).  They  are  often  approximately  rectangular  in  outline  in 
sections  parallel  to  010.  They  are  supposed  to  be  inclusions  of 
iimenite,  either  primary  or  produced  when  under  pressure  at 
depth  by  circulating  waters  acting  along  an  easy  cleavage  or 
parting  plane. 

Alter.  Hj-persthene  alters  readily  to  bastite  (see  en- 
statite), less  commonly  to  uraUle  (variety  of  hornblende),  to  talc. 
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Figure  171. 
Optical  orientation 
hypersthene. 


cuiicJiCoOglC 


HYPERSTHENE—DIOPSIDE.  329 

or  rarely,  to  anthophyllite.     By  fusion  and  recrystallization   in 
nature  it  is  usually  changed  to  augite. 

Occur.  Hypersthene  with  plagioclase  makes  up  a  large 
part  of  several  granitoid  basic  igneous  rocks,  such  as  norites. 
It  is  also  abundant  in  some  andesites,  less  common  in  peridotites 
and  pyroxenites;  and  found  also  in  meteorites. 

Hjrpcrathene-^  is  an  abnormal  varirty  recently  described  by 
Lacroix.  It  has  the  same  refritigence  as  the  normal  variety  with  which 
it  is  intergrown.  but  it  has  the  optic  plane  parallel  to  ODi,  and  therefore 
the  elongation  is  rt ;  the  optic  angle  is  large.  A  zone  containing  both 
varieties  is  isotropic.     Found   in   basic   volcanic  rocks.     Very   rare. 

DiAG.  Distinguished  from  enstatite  by  the  optic  sign 
and  the  distinct  color  and  pleochroism ;  distinguished  from  mono- 
clinic  pyroxenes  by  parallel  extinction  in  vertical  sections,  and 
other  characters  resulting  from  the  orthorhombic  symmetry. 

DIOPSIDE  and  HEDENBERGITE. 
Mono,  a:  &:  c::  1.0913: 1  :o.5895  CaMg(SiO,},  toCaFe(SiO,), 
jS  =  74°  9' 
Phys,  Char.  Hedenbergite  has  an  axial  ratio  prac- 
tically the  same  as  that  given  above  for  diopside,  although  iron 
replaces  magnesium  in  the  formula.  Crystals  usually  short  thick 
prisms  with  lOO  and  010,  or  with  in,  and  the  pinacoids  absent 
or  present.  Often  coarsely  lamellar ;  rarely  granular  or  fibrous. 
Twinning  common ;  the  twinning  plane  often  ]  [  100  giving  poly- 
synthetic  lamella;  and  secondary  parting;  also  less  often  ||  oor 
yielding  very  fine  twinning  lamellae  and  parting ;  these  latter  can 
be  produced  artificially  by  pressure.  Oeavage  always  distinct 
]|  110;  parting  frequent  ||  100  (well  developed  in  the  variety 
diallage) ;  sometimes  |]  010;  also  ||  001  when  twinning  is  pres- 
ent in  this  direction.  H.  =  5.-6.  G.  =  3.1-3.4  (diopside)  ;  34-37 

(hedenbergite.     Fusibility  3.5  to  nearly  4   (diopside),  2.5   (he- 
denbergite)   decreasing  with  percentage  of  iron.     Insoluble   in 

HO,  only  slowly  soluble  in  hydrofluoric  acid ;  much  more  easily 
attacked  by  HF  than  the  orthorhombic  pyroxenes. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to 
010 ;  the  positive  acute  bisectrix  lies  in  the  acute  angle  p  making 
an  angle  with  the  vertical  axis  (trace  of  the  cleavage  in  vertical 
sections)  which  increases  wth  the  amount  of  iron  present.  Fur- 
ther, the  refringence  varies  in  the  same  way  from  1.68  to  1.73 
with  increasing  iron,  and  the  angle  of  the  optic  axes  follows  the 
same. law,  but  the  variation  is  small.     Finally,  the  birefringence 
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Optical    orl^nttitlon 
of  d  lop  aide. 


Plgur 
OpdcaT  I 
of   hedenberglte 


decreases  with  the  increase  in  iron  percentage.     This  is  shown 
in  the  following  table. 


Diopside 
2.gi%  FeO 
=  59° 
=  17026 
=  1.6798 
=  1.6727 
=  0.0299 
=      38° 


Hedenbergite 

26.207p   FeO 

60° 

1.7506 

1.7366 

1.7320 


Dispersion  weak  with  p  >  v;  distinct  inclined  dispersion 
of  the  bisectrices  with  the  extinction  angle  greater  (by  6'  to  12') 
for  red  than  for  violet. 

Color  green,  from  nearly  colorless  to. greenish  black; 
also  brown  (diallage)  ;  in  thin  section,  color  and  plcochroism 
become  distinct  with  considerable  iron  present;  diopside  is  usual- 
ly colorless, in  thin  section;  hedenbergite  is  green,  and  diallage 
(often  a  variety  of  diopside  with  considerable  iron)  is  green  to 
brown.  The  pleochroic  formulas  for  colored  varieties  are : 
Hedenbergite  Diallage 

Z  —  dark  green  greenish 

X  —  yellowish  green  greenish 

Y  =  Dale  green  brownish  or  reddfsh  brown 

Incl.'  Gaseous,  liquid,  and  vitreous  inclusions  some- 
times occur  arranged  in  zones.  Diallage  has  inclusions  wholly 
like  those  of  hypersthene  and-  bronzite,  yielding  a  bronze-like 
luster.  ■ 

Alter,-  Diopside  altersin  many  different  ways;  one  of 
the  commonest  is  the  change  to  serpentine  (antigoritC),  or  to  an 
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aggregate  of  serpentine  and  chlorite,  which  often  contains  calcite 
and  quartz,  as  well  as  grains  of  epidote.  Another  common  alter- 
ation product  is  actinolite  (or  hornblende).  This  may  be  pro- 
duced either  by  the  alteration  of  one  crystal  of  diopside  to  a  single 
crystal  of  actinolite,  or  to  a  fibrous  mass  of  amphibole.  It  may 
proceed  by  alteration  around  the  periphery,  or  by  attacking  the 
diopside  along  cleavage  lines.  The  green  diopside  of  eclogite 
(called  omphacile)  alters  similarly  to  a  dark  green  hornblende 
called  smaragdite.  Other  alteration  products  include  biotite,  feld- 
spar, talc,  calcite,  quartz,  opal,  etc.  When  fused  and  recrystal- 
lized  in  nature  augite  usually  results,  sometimes  with  olivine  and 
magnetite. 

Occur.  Diopside  is  an  important  constituent  of  some 
igneous  rocks,  such  as  pyroxene  granite,  diorite,  certain  rhyolites, 
syenites,  pyroxenites,  etc.  It  is  abundant  in  some  rocks  produced 
by  metamorphism,  either  regional  or  contact;  it  is  in  certain  vari- 
eties an  important  element  of  some  crystalline  schists.  Finally, 
it  is  found  sparsely  in  some  meteorites,  and  in  some  slags. 

Varieties.  Diopside  proper  corresponds  very  nearly  to 
the  formula  CaMg(SiO,),,  and  contains  very  little  iron  or  alu- 
mina. Satite  is  a  variety  rich  in  iron  (FeO)  replacing  magne- 
sium, and  thus  furnishes  a  transition  to  hedenber^qite,  CaPe- 
(SiO,),.  Schcfferite  is  a  variety  containing  67c  to  8%  MnO;  the 
extinction  angle.  Zac,  varies  from  44°  to  69°.  and  2F^65°; 
pleochroism  weak  in  reddish  yellow  and  brown  tints.  Jciferson- 
ite  is  a  variety  containing  about  10%  each  of  MnO  and  ZnO; 
the  extinction  angle,  Z  a  c  is  531^°  and  2H  =  &i'/i°. 

Pigeonhc  The  preceding  varieties  involve  essentially 
a  decrease  in  magnesium  and  no  important  change  in  calcium 
content.  Pigeonite*  is  a  variety  with  decreased  calcium  (only 
8%  to  10%  CaO)  and  considerable  magnesium  and  iron ;  it  is  op- 
tically remarkable  by  reason  of  its  variable,  but  small,  optic  angle. 
Thus,  while  2E  —  110°,  or  rnore,  in  the  preceding  varieties,  and 
also  in  augite,  and  is  essentially  constant,  the  value  of  2E  in  pig- 
eonite equals  only  13°  to  67°,  and  is  conspicuously  variable,  even 
in  a  single  occurrence.  (This  variety  is  called  magnesiumdiop- 
side  by  Rosenbusch  in  the  1905  edition  of  his  Mikroskopische 
Physio graphie ;  this  name  is  apparently  an  unfortunate  selection, 
since  the  characteristic  of  the  composition  seems  to  be  not  in- 
creased magnesium  but  decreased  calcium,  often  replaced  by  FeO. 


a  A.  N.  WInoheU,  Amer.  Otot.  Vol.  XXVI,   iSOO,  pp.  1 
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and  also  because  this  name  has  been  previously  used  for  a  pyrox- 
ene of  different  character  found  in  meteorites).  The  extinction 
angle  Zac  is  perhaps  equally  variable  with  the  optic  angle.  It 
has  been  reported  as  J'/i",  30°  and  44°.  The  mineral  sometimes 
has  a  parting  |]  001,  or,  more  rarely,  ||  100;  poiysynthetic  twin- 
ning occurs  II  100.  The  refringence  is  high  as  in  other  pyrox- 
enes, with  H,  —  1.711,  «m  =  1-691,  np=  1.690;  Hg  —  nni=  0.022 
to  0.020,  Hm  —  "p  =  0.001  to  0.004,  Ml  —  Mp  =  0.021  to  0.023.  The 
color  is  variable  from  colorless  to  pale  green  and  pink,  with  Z 
pale  green,  Y  pale  yellowish  green,  X  pink  or  flesh  colored. 
Found  in  diabase,  gabbro,  etc.  in  widely  separated  localities. 

W.  Wahl*  {Tsch.  Min.  Pet  Mill.  Bd.  XXVI.  p.  1-131.  1907J 
considers  that  the  existence  of  pyroxenes  of  small  ofitic  angle  is  due  to  ihc 
existence  of  two  end  compounds  (monoclinic  MgSiO^  and  FeSiO,)  in 
which  the  optic  plane  is  normal  to  010.  and  the  oplic  angle  is  large.  Pic 
considers  that  these  compounds  enter  into  isomorphous  mixtures  with 
ordinary  diopside  and  augile  molecules  for  which  the  optic  plane  is  paral- 
lel to  010.  In  such  a  series,  (not  necessarily  continuous)  of  isomorphous 
compoimds  the  optic  angle  would  necessarily  be  variable,  passing  through 
zero,**  These  compounds  would  belong  to  what  Wahl  calls  "the  enslalil- 
augilc  series,"  previously  named  pigeonite,  as  already  described. 

Malacolite  is  a  variety  of  diopside  with  a  parting  well  devel- 
oped II  001;  it  does  not  differ  chemically  from  ordinary  diopside.  Dial- 
lage  is  a  variety  showing  well  developed  parting  ||  loo  (rarely  ||  010)  ;  it 
may  contain  considerable  alumina  and  is  then  a  variety  of  augite.  Chrome 
diopside  contains  some  Crp,(i-37o)and  some  AljOj(i-7?fc)  :  it  is  emer- 
ald green  in  color.  Oinphacite  is  a  variety  also  containing  AljOj(5-9%), 
of  a  green  color  occurring  in  eclogites.  These  minerals  emphasize  thff 
gradual  natural  gradation  existing  helween  diopside  and  augite. 

DiAO.  Diopside  is  distinguished  from  other  monoclinic 
pyroxenes  as  follows: — it  differs  from  augite  in  the  absence  or 
scarcity  of  aliiniina :  further,  diopside  has  less  dispersion  than 
most  augite  and  therefore  better  extinction  in  white  light :  it  dif- 
fers from  acmite  and  spodiimene  in  the  extinction  angle  in  the 
vertical  zone;  jadeite  is  always  fibrous,  is  not  known  to  occur  in 
Europe  or  America  in  place,  and  contains  abundant  sodium. 

AUGITE. 
MoN'ocLiNir.     a:b:c::  1.0921 :  i :  0.5893     tnCaCMg.FelfSiO,"). 
^^74'  10'  +H{Mg,Fe)(.M,Fe),Sib;; 

Phvs,  Char.     Crystals  usually  short  thick  prisms;  often 

•Wfthrs  slatpm.'nts  that  pyroxenes  of  small  optic  angle  are  found  only 
In  diabaaes,  and  that  they  are  charactpHied  by  the  ratio  CaO:  FeO  +  Mi;0 
:;1;S  do  not  seem  to  bt[  Jusllficd  by  the  tacts  oiiaerved  In  llie  Lake  Su- 
pertor  regton. 

"See  also   H.  Backlund:  T.  M.  P.  Jflf'h.  XXVI.  p.   317.  JSnS. 
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coarsely  lamellar  ||  ooi  or   loo;  also  granular;  rarely  fibrous 
Twinning  common;  the  twinning  plane  often. 
II    100  giving  polysynthetic  lamellae  and  sec- 
ondary parting;  also  less  often   ||  ooi  yield- 
ing very  fine  twinning  lamella;  and  parting, 
which  can  be  produced  artificially  by  pressure ; 
twinning  plane    rarely    loi,   also   T22  or  on 
producing  cruciform  twins.     Cleavage  nearly 
always  distinct  ||  no;  parting  frequent  !|  100; 
also  Ij  001  when  twinning  is  present  in  this 
position.    H.  —  5.-6.    G.  =  3.2-3.6.    Fusibility 
about  3.  varying  with  the  composition.     Only 
very  slowly  attacked  by  hot  HQ  (but  titanaugite  is  completely 
soluble) ;  much  more  easily  attacked  by  HF  than  the  orthorhom- 
bic  pyroxenes. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to 
010;  the  positive  acute  bisectrix  ties  in  the  obtuse  angle  (8  making 
an  angle  of  38°  to  54°  with  the  vertical  axis  (trace  of  the  cleav- 
age in  vertical  sections).  Refringence  high  and  birefringence 
rather  strong.  The  angle  of  the  optic  axes  varies  with  the  com- 
position from  about  60°  to  61°   (rarely  more,  up  to  68°). 


Figure  \-i. 

nple  cryslaL  tottn 

of  auglte. 


AUGITC 


Figure  175. 

Optical    orientation 

□r  Bustte. 


Mont.  H.  uOS.l.  One 


Dispersion  weak  with  p  >  t';  distinct  inclined  dispersion 
of  the  bisectrices  with  the  extinction  angle  in  the  vertical  zone  less 
(by  about  1°)  for  red  than  for  violet. 
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Auvergne 

Auvergne 

Renfrew.  Ont 

C+)    2K=    fy>' 

? 

6i- 

«g=i-?33 

1.728 

1.7227 

n„=i7i7 

1.712 

1-7039 

n^  =  1.712 

1.706 

1-6975 

H,-n,  =  0X)2l 

0.022 

0.0252 

Color  green,  greenish  black,  brown,  brownish  black; 
rarely  grayish  green  or  yellow.  In  thin  section  pleochroism  usu- 
ally absent  or  veiy  weak ;  when  rich  in  iron,  titanium,  or  sodium 
angitc  shows  distinct  pleochroism  as  follows: — 


Ferriferous  augitc 

Titanaugite 

.S^girinaugite 

Z  =  greenish 

greenish  yellow  0 

red- 

brownish  yellow 

dish  (or  violet) 

greenish 

Y  =  brownish    to    red 

red  or  violet 

clear  green 

dish  brown 

X  =  greenish 

greenish  yellow  0 
dish 

red- 

dark  grass  green 

Incl.  Gaseous,  liquid,  and  vitreous  inclusions  some- 
time occur  arranged  in  zones.  Diallage  has  inclusions  wholly 
like  those  of  hypersthene  and  bronzite. 

Alter.  Augite  has  many  different  alteration  products; 
the  commonest  is  probably  the  change  to  uraiite  (variety  of 
hornblende).  This  may  occur  so  that  a  single  crystal  of  aug'ite 
yields  a  single  crystal  of  uraiite,  or  it  may  yield  a  fibrous  aggre- 
gate of  uraiite,  sometimes  with  feldspar.  The  alteration  may  be- 
gin around  the  periphery,  or  It  may  proceed  along  the  cleavage 
lines  of  the  augite.  Another  common  alteration  product  is  an- 
tigorite  (variety  of  serpentine),  which  may  be  fibrous  or  lamellar. 
Again,  augite  may  alter  to  biotite,  and  then  that  may  change  to 
chlorite,  or  the  pyroxene  may  alter  directly  to  chlorite.  In  such 
cases,  calcite,  quartz  and  epidote  may  be  formed  at  the  same 
time.  Occasionally  a  crystal  of  augite  may  be  changed  wholly  to 
calcite,  or  to  quartz.  By  fumaroHc  action  pyroxene  may  be 
changed  to  opal  and  quartz.  When  fused  and  rec ry stall  ized  in 
nature  augite  usually  forms  again,  sometimes  with  olivine  and 
magnetite. 

Fusaite  may  be  used  to  designate  those  light  colored 
varieties  of  augite  which  contain  little  iron.  Fassaite  therefore 
resembles  diopside  very  closely ;  it  usually  shows  very  weak  ple- 
cchroism  in  colors  like  ferriferous  augite:  the  angle  of  the  optic 
axes  is  a  little  smaller  than  in  other  varieties  of  augite  or  in 
diopside,  2V  being  50°  to  60°.    The  extinction  angle  in  the  ver- 
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tical  zone  is  about  40°  to  45°.  Dispersion  weak,  both  of  tlie  axes 
and  of  the  bisectrices,  but  the  extinction  angle  is  slightly  less 
for  red  than  for  blue. 

Ferriferous  augite  (or  bataltic  augite)  is  usually  dark 
colored  and  pleochroic,  as  shown  above ;  the  extinction  angle  is 
45°  to  54° ;  the  dispersion  is  distinct  with  p  <v,  and  the  extinction 
angle  is  distinctly  less  for  red  than  for  blue.  As  a  consequence, 
complete  extinction  is  not  obtained  in  sections  ||  010  in  white 
light. 

Titanaugitc  contains  TiOj  up  to  about  five  per  cent. ;  it 
has  a  peculiar  reddish  or  violet  color  with  pleochroism  as  indi- 
cated above ;  dispersion  of  the  axes  strong,  with  p<.v,  and  dis- 
persion of  the  bisectrices  also  strong;  with  the  extinction  angle 
less  for  red  than  for  blue ;  therefore  absence  of  complete  extinc- 
tion is  particularly  noticeable. 

Aegfrinaugite  contains  Na^O  in  important  amount  and 
thus  grades  toward  acmite  (or  segirine).  The  angle  of  the  optic 
axes  is  probably  larger  than  in  other  augites,  but  exact  measure- 
ments are  lacking.  The  extinction  angle  in  the  vertical  zone  is 
60°  to  80°.  Dispersion  notable  with  incomplete  extinction.  Color 
and  pleochroism  distinct,  as  already  given.  Refringence  high, 
birefringence  strong;  tij  ^  i-7og,  nm=  1.687,  «p  rr:  r.68o;  «, — 
tip  —  0.029. 

Diallage  with  its  abundant  *  parting  1|  100  often  con- 
tains considerable  alumina,  and  is  therefore  often  a  variety  of 
augite.    Omphacite  likewise  may  contain  alumina. 

Occur.  Augite  is  especially  abundant  in  igneous  rocks, 
and  diopside  in  crystalline  schists,  but  neither  is  confined  to  such 
occurrence.  Augite  is  found  in  various  metamorphic  rocks,  in- 
cluding some  schists;  it  is  found  in  igneous  rocks  of  very  many 
types,  including  most  of  the  common  classes.  It  is  found  also 
in  some  slags,  and  in  some  stony  meteorites. 

DiAG.  Augite  differs  from  diopside  in  containing  con- 
siderable alumina;  it  also  (except  fassaite)  has  more  dispersion 
than  diopside,  and  therefore  gives  incomplete  extinction  in  white 
light;  finally,  the  maximum  extinction  angle  in  the  vertical  zone 
in  augite  is  less  for  red  than  for  violet,  and  in  diopside  it  is 
greater  for  red  than  for  violet.  Augite  differs  from  acmite  and 
spodumene  in  the  extinction  angle  in  the  vertical  zone,  while 
jadeiteis  always  fibrous,  and  contains  abundant  sodium. 
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MoKOCLiNic  a:b:c::i.\2^:  1:0.6355  LiAl(SiOj)j 

j8  =  eo"  40' 

Phys.  Char.  Crystals  prismatic,  sometimes  flattened  ||  100; 
vertical  faces  striated.  Usually  in  cteavabte  masses.  Twintiing  plane  l| 
100.  Cleavage  distinct  ||  no;  parting  |{  010,  more  rarely  ||  lOO.  H.  r= 
6.-?.  G.  =  3.1-3.2.  Fuses  at  3,5  after  turning  white,  swelling  and  giving 
a  purple  red  flame  color   (Li).     Insoluble  in  acids. 

Opt,  Prop.    The  plane  of  the  optic  axes  is  parallel  to  oio;  the 
positive   acute   bisectrix    makes    an   angle    of   about 
26°  with  e  in  the  obtuse  angle  p.    The  optic  anglo 
is  large ;  refringence  marked,  and  birefringence  mod- 
erate.    Dispersion  p  <  f  weak. 

(+)  21/ =  54°  to  60" 
ii,=  i.67?    «„  =  i,66()    «p=i.6si 

Color  while,  yellowish,  greenish,  emerald 
green  (liiddenite),  pink.  Usually  colorless  in  thin 
section,  with  very  weak  pleochroism  in  thick  crys- 
tals in  green  tints.  Varieties  with  distinct  color 
(hiddenite  and  knnzite)  have  pleochroism  in  thin 
section,  as  follows : — 

Kunzite  Hiddenite 

Z  —  colorless  colorless* 

Y  =  pink  or  amethystine  greenish 
X  =  ameihj'Stine  purple    green 
Alter.     Spodumene  at  Goshen,  Ct.  alters  1 
eucryptite  and  albjte :   a   later   stage   in   the  alteratior 
itiation  of  a  mass  of  muscovite  and  albite 
microcline.     This  alteration   is   nothing  n 
ment  of  lithium  by  potassium. 

Occur.  Found  in  pegmatite  of  granite,  gneiss,  and  micaschtst ; 
more  rarely  in  normal  granite  and  gneiss.     Rare. 

DiAG.  Distinguished  from  other  monoclinic  pyroxenes  by  the 
extinction  angle  in  the  vertical  zone,  by  the  mode  of  occurrence,  and  by 
the  presence  of  lithium. 

ACMITE  (SgirineV 

Monoclinic  a:b:c::  1.0996:  i :  0.6012  NaFeCSiOj). 

Phys.  Char.  Crystals  long  prismatic,  vertically  stria- 
ted. Acute  terminations  characteristic  of  acmite,  obtuse  termina- 
tions of  aegirine.  Also  occurs  in  groups  of  slender  acicular  crys- 
tals and  in  fibrous  tufts.  Twinning  ||  100  common  in  acmite, 
uncommon  in  aegirine.     Geavage  ||   no  more  distinct  than   in 
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ati^te;  parting  sometimes  easy  ||  oio,  also  ||  ooi.  H.  =  6.-6.5. 
G.  =  3-5-3-55.  Fuses  at  2  to  black  magnetic  globule,  giving 
deep  yellow  flame  color.     Only  slightly  attacked  by  acids. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to 
oio;  the  negative  acute  bisectrix  makes  a  small  angle  (about 
5°)  with  the  vertical  axis  {trace  of  cleavage  in  vertical  sections! 
in  the  acute  angle  j8;  therefore  Z  makes  an  angle  of  about  95° 
with  the  vertical  axis.  The  optic  angle  is  large;  the  refringence 
high  and  the  birefringence  quite  strong.  Dispersion  distinct  with 
p  >  £',  and  extinction  angle  in  the  vertical  zone 
less  for  red  than  for  blue.  Therefore  extinc- 
tion is  quite  incomplete  in  white  light. 


AC  MITE 


(-)    2V 


Na 

62°  13' 

n,=  1.8126 

"„  =  1.7990 

«„  =  1.7630 

=  0.0496 


Tl 


1.7714 
0,0524 

Color  of  acmite  reddish  brown  to 
black,  of  xgirine  green  to  black ;  in  thin  sec- 
tion brownish  or  greenish,  with  absorption 
formula  X>Y>Z,  and  pleochroic  formulas : — 

Acmite  .^^girine 

Z  =  greenish  to  brownish  3-ellow       yellowish  green 
Y  =  yellow  to  greenish  yellow  olive  green 

X  =  greenish  to  dark  brown  dark  grass  green 

Alter.  Acmite  alters  to  iron  oxides,  and  also  to  anal- 
cite. 

Occur,  Found  in  pegmatite  veins,  in  nepheline  sye- 
nites, in  phonolites,  and  in  angite  syenite.  Acmite  is  supposed  to 
have  a  little  more  iron  than  aegirine,  but  the  two  are  practically 
identical- 

DiAG.  Distinguished  from  other  monoclinic  pyroxenes 
by  the  very  small  extinction  angle,  the  negative  sign  and  elonga- 
tion, the  strong  birefringence,  and  marked  pleochroism :  further, 
the  density  is  greater,  and  the  fusibility  less. 

JADEITE. 

Monoclinic  Axial  ratio  unknown. 

Phys.  Chab.     Unknown  in  crystals;  usually 
ular  forms  oftMi  interlaced  so  as  to  be  quite  compact. 
II  110;  parting  indistinct  ||  100.    H.  =  6.-7,    Very 
Fuses  readily  to  transparent  yellowish  or  grayish  gl: 
acids. 


NaAUSiO,). 
n  fibrous  to  acic- 
Cleavage  distinct 
=3-3-3.5- 
Not  alUcked  by 
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if  the  <^tic  axes  is  parallel  to  oio;  the 
angle  of  31°  to  35'  with  the  vertical 


Opt.  Prop.    The  pla 
positive  acute  bisectrix  makes 
axis   (trace  of  cleavage  in  vertical  sections).     The 
optic  angle  is  large;  refringence  high;  birefringence 
strong.     Weak  inclined  dispersion   with  p  >  f. 
(+)  2V  =  7i'l& 

n„=  1.654 
«g  —  Up  =  0,029 

Color  apple  green  to  emerald  green; 
greenifji  white,  colorless;  in  thin  section,  colorless. 

Alteb.  Chlororoelanite  is  apparently  an 
alteration  product  of  jadeite.  It  has  all  the  optic 
properties  of  jadeite ;  it  contains  more  iron '  than 
the  latter  mineral  and  is  therefore  darker  colored. 
It  seems  to  alter  to  smaragdite. 

Occur.    Occurs     in     Burmah,     southern 
China,  and  1  hibet :  not  certainly  known  in  place  in 
Europe   or   America.      Found    in    both    these   conti- 
nents and  elsewhere  with   relics  of  early  man,  who  Fleur 
worked  it  into  various  ornaments  and  utensils.                   ^"^  ]adelte. 

Percivalite*  seems  to  be  a '  variety  of  jadeite  colored  light 
green  by  the  presence  of  a  little  isomorphous  acmite;  in  thin  section  the 
pleochroic  colors  are  those  of  acmite,  but  paler,  while  the  extinction  angle 

DiAC.  Distinguished  from  other  monoclinic  pyroxenes  by  larger 
optic  angle,  fibrous  habit,  the  smaller  extinction  angle  (acmite  and  segi- 
rinaugite  have  still  smaller  or  similar  extinction  angles,  but  in  them  the 
elongation  is  negative,)  the  mode  of  occurrence,  and.  the  presence  of 
abundant  sodium  and  aluminum. 

RHODONITE. 

Tbiclinic.  a:b:c::  1.0729 : 1 ;  0^6213  MnSiOj 

a  =^  103°  18'  JS  =  108°  44'  y  =  81°  39' 

Phys.  Char.  Crystals  usually  rough  and  tabular  |!  001 ; 
often  elongated  ||  no  or  iio.  Commonly 
compact ;  also  granular.  Also  lamellar 
or  fibrous.  Cleavage  perfect  |!  no  and 
ilo.  Easy  II  001.  H.  —  5.5-6.5.  G.  =: 
3.4-3.68.  Blackens  and  fuses  with  slight 
intumescence  at  2.5.  Slightly  attacked 
by  acids. 

Opt.  Prop.  The  plane  of  the 
optic  axes  makes  angles  of  63°  with  iTo 
and  383^°  with  001 ;  the  negative  acute 
bisectrix  is  normal  to  a  plane  making 

•  S.  Wetdman,  0.  X,  H.  S.  Wi>.  Bull.  XVI.  p.  28S. 


Figure  ISO. 
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angles  of  Sl''4o'  with  001  and  51°  47'  with  no;  the  obtuse  bi- 
sectrix is  noiTnal  to  a  plane  making  angles  of  86°  55'  with  001 


and  50°  7'  with  iTo,  Refringence  high;  birefringence  rather 
weak;  opiic  angle  large.  Marked  crossed  dispersion  with  p  <.v 
weak. 

(— )    2V  =  76"     \2 

"«  —  «,  =  0.010  to  0.01 1 

Color  reddish  brown,  pink,  yellowish  or  greenish  gray; 
brown  to  black  by  alteration.  Colorless  in  thin  section,  but  in 
thick  plates :  Z  =  clear  pinkish  red,  Y  =  pinkish  red,  X  =  clear 
reddish  yellow. 

Alter.  Alters  often  by  weathering  to  pyrolusite;  also 
changes  to  rhodochrosite,  which  in  turn  alters  to  black  manganese 
oxide. 

Occur.  Found  in  iron  ore  deposits,  and  in  veins  con- 
taining manganese  and  other  metals. 

DiAC.  Distinguished  from  other  pyroxenes  by  the  crystal 
system  which  leads  to  extinction  always  inclined;  also  by  the 
richness  in  manganese. 

BABINGTONITE. 

Triclinic      a:6:e::  1.0691:1:0.6308      iB(Ca.Fe,Mn)SiOj  +  nFej(SiO,), 

a=  104°  21'  y8  —  108°  31'  y  —  83°  34' 

Phys.  Char.  Crystals  smali  with  striated  faces.  Form  simi- 
lar to  augile.  Oeavage  perfect  1|  ilo,  less  perfect  ||  no.  H.  —  5.5-6.  &  = 
3,36.     Fuses  at  2.7  to  black  magnetic  globule.     Not  attacked  by  acids. 

Opt.   Prop.    The  plane  of  the  optic  axes  seems  to  be  nearly 


C.u:,..J.AA)1>^Ic 


340  OPTICAL  MIXERALOGY. 

parallel  10  iio;  JI  is  nearly  normal  to  iio;  the  extinction  angle  in  lOO 
is  44°,  and  in  oio  31°.  Birefringence  strong;  optic  angle  large.  Dis-" 
persion  very  marked. 

(+)  2F  =  6o°  to  65° 
n  =  172 
«,  — "^  =  0032 
Color   greenish   black.      Pleochroism   intense   even   in   thin    sec- 
tion, as  follows; — 

Z  ;=  dark  brown  dark  grass  green 

Y  =  pale  violet  brown  yellow 

X  T=  very  dark  emerald  green  clear  green 

Occur.  Found  in  cavities  in  granite;  in  syenite,  in  mica  slate 
cr  gneiss.  Often  associated  with  epidole  and  garnet.  Also  found  as  a 
furnace  product.  Rare, 

DiAG.  Distinguished  from  other  pyroxenes  by  trictinic  char- 
acler,  marked  dispersion,  and  intense  pleochroism  as  siiown  above. 

HIORTDAHLITE. 

Thtclinic  a:  ii:c;:  1.0583:  1:0.7048  (Naj,Ca)Fe{Si,Zr)jO^ 

a  —  90°  29'  p  =  108°  49'  y  —  90°  8" 

Phvs.  Char.  Crystals  tabular  ||  100  and  elongated  ||  c;  polj- 
synthetic  twinning  lamellae  with  c  as  twinning  axis  and  lOO  as  compo- 
sition face.  Cleavage  indistinct  parallel  to  the  prism  faces,  nearly  at 
right  angles;  in  traces  ||  oto.  H.  —  5.-6.  G.  — 3.27.  Fuses  easily  to  yel- 
low!^ white  enamel.     Gelatini'^cs  with  acids. 

Opt.  Prop.    Tlie  plane  of  the  optic  axes  is  nearly  parallel  to 
fi'i;  the  acute  bisectrix  is  situated  in  the  upper  left  hand  front  octant, 
the  optic   normal   in  that   behind.     The   plane  of  the  optic  axes,  as   indi- 
cated by  the  extinction,  makes  angles  with  c  of  65°  in  too  and  74(^i''   in 
010.     Optic  angle  large:  refringenee.high;  birefringence  weak. 
C-f-)  21^  =  large 
«=i,68-i.?i 
ng  —  "p=^  0.0123 

Color  light  yellow  to  yellowish  brown.  Pleochroism  usually 
invisible  in  ihin  section ;  in  thick  sections  Z  =  wine  yellow,  Y  =:  yellowish 
white,  X  =  almost  colorless. 

Occur.     Known  only  in  nephelinc  syenite  from  Sweden.     Rare. 

Hainite  is  a  related  triclinic  silicate  of  sodium,  calcium,  pos- 
sibly cerium,  with  titanium  and  zirconium.  Crystals  aciciilar,  prismatic. 
Twinning  on  100.  Cleavage  rather  distinct  ||  010,  indistinct  ||  lOO.  H.  = 
5.±.  G.  =  3.18.  Acute  bisectrix  Z  nearly  normal  to  010.  Extinction  on 
100  nearly  parallel  trace  ot  010.  on  010  about  4°  from  trace  of  loo;  in 
section  normal  to  c  about  16.5°  from  trace  of  100.  Extinction  imperfect 
on  account  of  strong  dispersion  of  the  bisectrices,  with  p  >  f,  2E  large. 
Refringence  high,  about  1.7;  birefringence  not  more  than  0.012.  Color  and 
pleochroism  like  hiortdahlite.  Found  in  phonolite  in  Bohemia,  Very 
rare.  Differs  from  hiortdahlite  optically  in  having  positive  elongation ; 
elongation  in  the  latter  is  ±. 

DiAG.    Distinguished  from  wohlerile  and  ISvenite  by  the  weak 
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birefringence,  from  rinktie  and  johnstrupite  by  the  lack  of  good  cleavage, 
and   from  all  these  minerals  by  the  crystal  system. 

PYRRHITE,  see  pyrochlore  group.     PYRRHOTITE,  see  cinna- 
bar   group.     PYROSMALITE,   see    friedelite.     PYROSTlLPNITE, 

see   pyrargyrite. 

QUARTZ. 
Hexagonal  c  =1.09997  SiO, 

Phys.  Char.  Crystals  usually  prismatic,  terminated  by 
two  rhombohedrons  loii  and  Oiii.  Sometimes  in  double  six- 
sided  pyramids  made  up  of  two  rhombohedrons.  Crystals  also 
highly  modified,  and  distorted.  Horizontal 
siriations  common  on  prismatic  faces.  Massive 
forms  common  from  coarse  to  fine  granular  or 
even  to  crypto-crystalline.  Simple  crystals  are 
uncommon ;  usually  twinned  by  interpenetra- 
tion,  the  twinning  axis  often  the  vertical  axis, 
and  in  this  case  the  twins  may  be  united  so  as 
to  be  symmetrical  with  respect  to  0001  or  lolo 
or   1120.     Much  more  rarely  other  twinning 

laws  occur,  thus,  the  twinninET  plane  may  be  Figure  iS4. 

_,  ,        ,  ,  A   BJraple   cryrtnl 

1122.    Cleavage  nearly  always  absent  or  very        lorm  of  quartz. 

difficult;      cleavage     may     be     obtained     by     sudden     cooling 

or    by   pressing   with   a   needle   on   a   thin   section.      Cleavage 

difficult  II   loii  and  oiri,  in  traces  ||   lo'io  and  0001.     H.  —  7. 

G-  =■-  2.653-2.654.     Infusible.     Insoluble  in  acids  except  in  HF ; 

difficultly  attacked  by  alkalies. 

Opt.  Peop.  Uniaxial  and  positive.  Refringence  low ; 
birefringence  weak.  Rotary  polarization  {invisible  in  thin  sec- 
tions) increasing  with  the  thickness  of  the  section.  Right- 
handed  and  left-handed  crystals  equally  common ;  the  combina- 
tion of  these  two  produces  the  .\iry  spirals. 
"*— 1-55336  «P^  1-54425 
"i  —  «p  —  0.00911 

The  refringence  decreases  very  slowly  with  increase 
of  temperature;  for  fused  quartz  ti  =  1.4588.  The  birefrin- 
gence likewise  decreases  slowly  with  increase  of  temperature, 
but  only  to  570°  C. ;  above  that  temperature  there  is  an  abrupt 
change,  and  the  birefringence  thereafter  increases. 

Quartz  occurs  sometimes  showing  a  distinctly  biaxial 
character.    In  this  case  2E  =  i2°-i8°,  or,  rarely,  as  much  as  24°, 

Color.     Quartz  is  colorless   in  thin  section,  but  often 
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shows  inclusions  of  various  kinds  which  serve  as  pigments  and 
give  a  color  to  thick  sections  and  masses  of  the  mineral.  Thus 
quartz  may  be  yellow,  red,  brown,  green,  blue,  black.  Quartz 
is  not  pleochroic.     Streak  colorless.     Luster  vitreous. 

Incl.  Liquid  inclusions  are  especially  characteristic 
of  quartz.  The  liquid  may  be  water,  or  COj,  or  both.  Gaseous 
bubbles,  sometimes  movable,  often  accompany  the  liquid  inclu- 
sions. These  inclusions  rarely  occupy  cavities  which  have  the 
form  of  the  enclosing  mineral ;  such  cavities  are  called  negative 
crystals.  Cubes,  probably  of  XaCI,  are  sometimes  found  in 
these  cavities.  In  other  cases  the  liquid  present  is  a  carbide 
and  causes  the  fetid  odor  of  certain  samples  of  quartz  when 
struck  a  sharp  blow. 

The  inclusions  in  quartz  are  usually  arranged  along 
lines,  curved  surfaces,  or,  sometimes,  parallel  to  the  crystal  faces. 
They  are  occasionally  very  large,  and  visible  to  the  naked  eye. 
Other  inclusions  in  quartz  include  reticulated  rutile  (Feiius' 
hair),  needles  of  tourmaline,  of  epidote,  of  actinolite  or  tremo- 
lite  (when  regularly  arranged  so  as  to  produce  opalescence 
these  make  the  variety  of  quartz  called  cat's  eye),  of  chlorite 
or  of  other  slaty  minerals.  Transparent.  Quartz  containing 
reticulated  or  acicular  rutile,  or  other  mineral,  is  often  called 
sa genii  e. 

.'\lter.  Quartz  is  a  very  stable  mineral;  nevertheless, 
it  occurs  altered  to  talc,  pyrite,  cassiterite,  magnetite,  etc.  In- 
versely, quartz  is  found  in  pseudomorphs  after  many  minerals, 
notably  calcite,  fluorite,  barite,  etc.  When  fused  in  nature 
embayments  are  first  formed,  then  the  whole  mass  is  fused. 
Upon  recry stall! zation  augite  usually  forms  an  aureole  about 
that  portion  not  completely  fused.  In  acid  rocks  fused  quartz 
recrystallizes  at  high  temperatures  as  tridymite. 

OccuF.  Quartz  is  one  of  the  most  abimdant  minerals 
fotmd  in  nature;  it  is  an  essential  constituent  of  rhyolite,  gran- 
ite, dacite,  quartz  diorite.  gneiss,  micaschist,  and  many  related 
rocks.  It  is  usually  the  chief,  and  often,  nearly,  the  only,  constitu- 
ent of  sandstone,  gravel,  conglomerate,  and  vein  rocks.  It  occurs 
in  less  important  amounts  in  many  other  igneous,  metamorphic 
and  sedimentary  rocks.  It  is  often  deposited  by  hot  springs  and 
geysers. 

In  graphic  granite  skeleton  crystals  of  quartz  are  ar- 
ranged in  parallel  position  in  a  very  coarsely  granitic  aggregate 
of  acid  feldspar  anhedra.     In  sandstone   the  grains  are  often 
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enlarged  by  deposition  about  each  one  of  quartz  oriented  upon 
the  enclosed  ^ain. 

Varieties  and  related  minerals.  Some  authors  regard  the 
hexagonal  character  of  quartz  as  due  to  an  intimate  association  of  biaxial 
pans.  This  view  finds  support  in  the  fact  that  fibrous  silica  is  often 
biaxial.  It  is  called  quaruine  when  the  fibers  are  elongated  parallel  to 
Z ;  the  fibers  of  quartzine  are  sometimes  grouped  about  a  ternary  axis  so 
as  to  produce  uniaxial  quartz.  Quartzine  has  a  variable  apparent  angle 
of  the  opiic  axes  on  account  of  the  superposition  of  fibers  which  is 
present  in  nearly  all  cases.  It  reaches  35°  to  40°,  if  not  more.  The  in- 
dices of  refraction  and  the  birefringence  are  very  near  those  of  quartc 
Fibrous  silica  is  called  chalcedonite  when  the  fibers  are  elongated  paral- 
lel to  X,  and  the  elongation  is  therefore  negative ;  furthermore,  fibers  of 
chalcedonite  show  all  the  possible  gradations  in  birefringence,  while  fibers 
of  quartzine  always  show  the  maximum  birefringence;  finally,  in  a  single 
fiber  of  chalcedonite  Z  is  always  perpendicular  to  the  elongation,  but  often 
changes  its  position  continuously  along  the  fiber  so  that  its  positions  form 
a  spiral  about  the  fiber.  Again,  fibrous  quartz  is  sometimes  elongated  || 
Y.  and  in  this  case  the  elongation  is  either  positive  or  negative,  but  much 
more  commonly  negative,  since  «„,  and  n_  are  not  widely  different  in  val- 
ue, lastly,  fibrous  quartz  is  called  lut£cite  when  it  is  elongaled  in  tht- 
plane  of  Y  and  Z  in  a  direction  making  an  angle  of  about  29°  with  Z. 
Lutecite  also  forms  characteristic  groups  about  a  senary  axis  resulting  in 
pseudohexagonal  crystals,  basal  sections  of  which  are  oblique  to  the  acute 
positive  bisectrix. 

Pseadochalcedonite  is  the  name  given  to  fibrous  silica,  usually 
spherulitie,  which  is  optically  negative:  the  axis  X  is  parallel  with  the 
elongation  which  is  therefore  negative.  The  angle  of  the  optic  axes  is  very 
small;  the  birefringence  only  half  that  of  quart/,  n^  —  np  =  0.0045  about; 
in  other  characters  the  mineral  is  closely  like  chalcedonite. 

Chalcedony  is  a  name  given  to  megascopic  forms  of  silicn 
whidi  are  concretionary,  fibrous  or  compact,  and  microcrystalline  or  cryp- 
tocrystalline.  Opal  is  often  present  in  large  amounts  in  concretions  of 
chalcedony,  which  may  be  made  up  of  any  of  the  preceding  microscopic 
varieties.  Chalcedony  has  various  other  names  depending  upon  the  color, 
structure,  or  other  megascopic  characters,  such  as  earnelian,  sardonyx, 
jasper,  chrysoprase.  agate,  onyx,  etc. 

DiAC.  The  low  refringence,  weak  birefringence  and 
absence  of  color,  cleavage  or  alteration  usually  serve  to  identify 
quartz.  Distinguished  from  colorless  fresh  cordierite  by  the  uni- 
axial character  and  lack  of  the  twinning  in  the  quartz.  Other 
characters' of  importance  include  the  specific  gravity,  hardness, 
crystal  form,  and  resistance  to  acids,  except  HF. 

QUENSTEDTif  E,  see  eoquimbite. 
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REALGAR. 

MoNOCLiNic,  a:  b:  c:  I-440:  i  :< 

^  =  66-   s' 

Phys.    Char.      Crystals    short, 
striated ;  coarse  or  fine  granular ;  compact. 
010,  roo,  no  and  210,  H.  =  r.5-3.     G.  = 
tile.     Soluble  in  alkalies. 

Opt.  Prop.  The  optic  plane  is 
parallel  to  010;  the  acute  bisectrix  X 
makes  an  angle  of  +11°  with  c.  Bire- 
fringence strong ;  «j  —  jip  =^  0.030.  In- 
clined dispersion  strong  with  p  >  v.  2II 
=  92°  58'- 

Color  aurora  red  to  orange  yel- 
low. Streak  paler  red.  Luster  resinous. 
In  thin  section  distinctly  pleochroic,  with 
Z  ^  Y  vermilion  red,  X  orange  red. 

Alter.  Changes  on  exposure 
to  light  to  orpiment  and  arsenolite. 

Occur.  Found  with  silver  and 
lead  ores  in  veins;  also  in  clay  and  in 
slate;  often  produced  by  solfataric  ac- 
tion ;  also  from  geysers. 

DiAG.  Distinguished  from  orpi- 
ment by  its  inclined  extinction  and  ple- 
ochroism,  from  cinnabar  by  its  negative 
biaxial  character  and  pleochroism. 


prismatic,  vertically 
Cleavage  distinct  { | 
3.56.     Wholly  vola- 


Flgure    ISo. 
Optical    orientation    of 

realg&r. 


RHODOCHROSITE,    .„    .- 

pyroxene  group.     RICHTERITE, 
ITE,  see  amphibole  group 


ilcite    group,      RHODONITE,    see 
amphible  group.     RIEBECK- 


RINKITE. 


MONOCLINIC 


a:b:i 


-.i.Sfi 


r47 


i:o.ag22         Na,Ca„Ce,(TiFj),(SiOJ„ 


Phvs.  Cham.  Crystals  short  coliunnar,  or  flattened  ||  loO. 
Cleavage  distinct  ||  100.  Twinning  commMi  on  100.  often  producing  sev- 
eral lamellje.  H.  —  5,  G.  =  3.46-3.50.  Fuses  with  intumescence  to  a  black 
shining  glass.  Easily  decomposed  by  dilute  acids  with  separation  of 
sihca  and  titanic  acid. 

Opt,  Prop.  The  plane  of  the  (qitic  axes  and  the  obtuse  bisec- 
trix are  normal  to  Oio;  (he  optic  normal  makes  an  angle  of  7°  with  c  ip' 
parently  in  the  acute  angle  p.  Relief  moderate,  birefringence  also  mod- 
erate.    Strong  dispersion  wilh  p  <  v;  also  distinct  horizontal  dispersion. 
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(+)  2f  =  74' 

n,  =  1.681  ±     »„  =  1.6682     «p  =  1.6654 

fli  —  Bj  =  ox)i6  (calc.) 

Color  yellowish  brown  to   siraw  yellow.     Pleochroism  scarcely 

perceptible   in   thin   section ;    in   thick   section    Z  =  yellow,    Y  =  yellowish 

white,  X  =  colorless,  with  absorption  Z  >  Y  >  X. 

Occur.  Found  in  nepheline  syenite  and  related  rocks,  often 
associated  with  arfvedsonile,  xgirite.  lepidolite,  fluorite,  liven  it  e,  etc. 
Rare. 

DiAG.  Distinguished  from  mosandrite  by  the  position  of  the 
optic  plane  perpendicular  to  the  plane  of  symmetry,  and  the  strong  dis- 
persion p  <  v;  differs  from  hiortdahlite  in  crystal  system  and  cleavage. 

RIPIDOLITE,   see  chlorite  group. 

ROEMERITE. 

TucuKic  a:  &:c:  10968;  1:2.643  FeFej{SO,)^  +  I2HjO 

a  =  116°  4'  ^  =  94°  41'  y  =  80"  7' 

Phys,  Chak.  Crystals  tabular  }]  001;  coarsely  granular.  Cleav- 
age perfect  II  010.    H.  =  3.-3.5-     G.  =  2.i-2.i7.     Easily  soluble  in  HjO. 

Ojt.  Prop.  The  trace  of  the  optic  plane  in  001  bisects  the  ob- 
tuse anitlc  between  100  and  010;  the  acute  bisectrix  X  is  inclined  about 
J0°  10  c.     2W,  =  57°  45'.     Color  brown  to  yellow. 

Occur.     Found  with  other  iron  sulphates.     Very  rare. 

ROSCOELITE,  see  mira  group  (bioiite). 

ROSENBUSCHITE. 

MoNocuNic  a:6:f  ::i.i6g:  1:0,978  NajCa,[(Si.Zr,Ti)Ojl, 

^  =  78°  13' 
CoMP.    Fluorine  is  commonly  present  in  notable  amount;  man- 
lianese  and  cerium  in  smaller  amount. 

Phvs,  Char.  Crystals  elongated  ]|  b  with  001,  lOO,  ibi.  and 
rarely  540  present.  In  radiating  groups  or  feit-like.  Cleavage  perfect  || 
00),  imperfect  |)  100  and  3bi.  H.  =  5.-6.  G.  =  3.3-3.32.  Easily  fusible. 
Soluble  in  HCl. 

Opt,  Prop.  The  optic  plane  and  the  bisectrix  X  are  normal  to 
010:  the  bisectrix  Z  makes  an  angle  of  12°  to  14°  with  c  in  the  acute  angle 
3-  Optic  angle  large ;  optic  sign  uncertain ;  Broegger  considers  it  prob- 
ably positive. 

iV  =  large 
n  ^  i,6s  ± 

Color  light  orange  gray.  Luster  vitreous.  In  thin  section 
colorless  to  pale  yellowish  with  slight  pleochroism  and  distinct  absorption, 
Z>Y>X. 

Occur.     Found  in  nepheline  syenite.     Rare. 

Diag.  Rosenbuschite  has  negative  elongation,  while  wollas- 
lonile  has  positive  or  negative  elongation,  and  peclolite,  sillimanite.  and 
i:arpholite  have  negative  elongation. 
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Rutile 


Zircon 

e  =  a6404 

Thorite 

■    c  =  0.6402 

Cassiterite 

c  ^0.6723 

Plaitnerite 

c  =  0,6764 

Polianite 

c= 0.6647 

RUTILE. 

Rutilc  Group. 

The  minerals  of  the  rutile  group  are  oxides  of  tetrava- 
lent  acid  elements,  or  metals  which  act  sometimes  as  acid  elements. 
They  are  tetragonal  and  have  closely  similar  forms  and  the  same 
twinning  laws.  So  far  as  known  the  optic  properties  are  also 
very  similar;  all  are  uniaxial  and  positive,  have  very  high  refrin- 
gence  and  extremely  strong  birefringence. 

The  minerals  of  the  group  are  the  following: — 

0.6441  TiO, 

(Zr.Si)Oj 

(Th,Si)0, 

SnO, 

PbOj 

MnO, 


Tetragonal  c  =  0.6441  TiO. 

Phys.  Char.  Crystals  nearly  always  elongated  ]  \  c, 
sometimes  finely  fibrous.  Rarely  elongated  1|  iir.  Crystals  ver- 
tically striated.  Twinning  |1  loi  frequent  in 
■  macroscopic  crystals ;  this  type  is  known  as 
geniculated  twinning  when  composed  of  two 
parts;  when  composed  of  several  parts  it  may 
be  arranged  in  a  cycle  of  six  or  eight,  or  it 
may  form  lamelke  visible  microscopically  in 
basal  sections.  Twinning  also  on  301,  rare  in 
large  crystals,  but  commonly  found  in  micro- 
scopic size.  Twinning  on  902  is  always  poly- 
synthetic  and  accompanied  by  parting  planes. 
The  reticulated  groups  in  sagenite,  etc.,  are  usually  due  to  a 
combination  of  these  two  twinning  laws.  Cleavage  easy  |!  100 
and  110.    H.  =  6.-6.5.  G.  3::  4.18-4.25.    Infusible.    Insoluble. 

Opt.  Prop.  Uniaxial  and  positive.  Refringence  very 
high  and  birefringence  extreme, 

«,  =■  2.9029    Hp  =  2.6158 
n,  —  «p  =  0.2871 

Color  red.  reddish  brown,  brownish  black,  yellow,  blu- 
ish, violet,  rarely  green.  Streak  pale  brown.  In  thin  section 
pleochroism  often  not  no'ticeable.  Sometimes  it  is  distinct  with 
X  ^  yellow,  or  brownish  red  in  a  thick  section,  and  Z  ^  brown- 
ish yellow  to  yellowish  green,  or  dark  blood  red  to  black  in  3  thin 
section. 


^^3^ 

;ioa 
lito 

:• 

3 

X 

1 

^ 

A   simple    cryslal 
form   of   rutlle. 
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Rutile  sometimes  shows  optic  anomalies  consisting  of 
biaxial  twinning  bands  cross-  ~ 

ing  basal  sections  of  the  uni- 
axial mineral ;  in  these  band^ 
the  optic  plane  is  1 1  i  lo ;  the 
biaxial  appearance  is  prob- 
ably due  to  the  combined  ef- 
fect of  several  twinning  la- 
mellae at  various  angles. 

Alter.  Rutile  is  rel- 
atively a  very  stable  mineral. 
Nevertheless,  it  is  found  to 
undergo  various  modifica- 
tions in  nature.     One  of  the 

most  common  is  the  change  .^I^^.J.II^.i^f^.'J.Vn^'^'.lSS^c:: 
to  ilmenite.  This  is  a  pro-  ',?^ru't';,/''LTX^".''^l  ^K 
cess  all  of  whose  stages  can  ^^*  '^-  °'"'  "J^"''  ^  ^so. 
be  observed  in  various  sections ;  the  ilmenite  forms  about  the 
borders  and  then  along  the  cleavage  lines  of  the  rutile.  In  other 
cases  rutile  may  be  changed  into  titanite, — a  process  which  is 
sometimes  reversed. 

Occur.  Rutile  is  more  widely  distributed  as  a  micro- 
scopic element  of  various  rocks  than  as  crystals  of  megascopic 
size.  It  is  found  in  igneous  rocks  very  widely  distributed,  but  in 
such  rocks  it  is  much  more  commonly  a  result  of  alteration  than 
a  product  of  magmatic  crystallization.  It  is  very  abundant  in 
many  metamorphic  rocks,  such  as  amphibotites,  pyroxenites, 
gneiss,  eclogites,  etc.  It  is  likewise  common  in  some  simple 
sedimentary  rocks,  and  in  rocks  produced  by  contact  or  regional 
metamorphism  from  these.  Finally,  it  is  found  in  many  veins, 
both  metalliferous  and  non-metalliferous.  It  is  then  commonly 
associated  with  quartz,  calcite,  topaz,  pyrite,  sphalerite,  etc. 

DiAG.  Distingtiished  by  reddish  brown  to  yellow  color, 
very  high  relief  and  extremely  strong  birefringence.  .A.lso  char- 
acterized by  brilliant  luster,  distinct  tetragonal  cleavages,  and 
high  density. 

ZIRCON. 

Tetragonal  c  =  0.6404  (Zr,Si)03 

Phys.    Chah.     Commonly   in    square   prisms,   usually 

elongated  I|  c,  and  terminated  by  unit  pyramids.     Always  crys- 
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tallized.    Twinning  on  loi  uncommon.   Cleavage  ^^ 

sometimes    distinct    ||     no,    indistinct    |j     in,        f£m/\w^ 
G.  ^  4.68-4.70.      H.  ^  7.5.      Infusible.      Slowly       \~rT-~^ 
attacked  when  in  fine  powder  by  concentrated 
H,SO,. 

Opt.  Prop.    Uniaxial  and  positive.    Ke- 
fringence  very  high;  birefringence  very  strong.        SJ_i— J 
Kg  —  1 .9832     Hp  =  1 .9302  iS^^^ 

». K„  =  0.0^^ 

Color  yellow,  brown,  gray,  rarely  green  a  aimpia  cry-tai 
or  colorless.     In  thin   section  colorless  to  pale   '°""  °^  Eircon. 
brown  or  gray.    Pleochroisin  invisible  in  thin  section,  very  weak 
in  sections  more  than  i  mm.  thick,  with  maximum  absorption 
parallel  to  Z. 

Optical  anomalies  are  unknown  in  the  microscopic  crys- 
tals, but  appear  in  large  crystals.  Zonal  structure  is  frequent  in 
such  cases.  The  mineral  then  appears  biaxial  and  positive,  with 
a  small  optic  angle  {2V  —  10° ;  «g  =  1.9820,  nm  =  1-9277,  w,  = 
1.9272;  «g  —  np  =  0.0548  in  olive  green  beccarite  from  Ceylon), 
the  bisectrix  being  parallel  to  the  quaternary  axis.  Mallard  con- 
siders the  common  tetragonal  symmetry  to  be  due  to  twinning, 
often  submicroscopic,  of  monoclinic  individuals.  The  optic  anom- 
alies are  perhaps  due  to  alteration,  being  found  especially  in 
partly  altered  zircon. 

Alter.  Zircon  resists  alteration  to  a  marked  degree; 
but  in  some  cases  it  becomes  hydrous,  and  then  the  specific  grav- 
ity falls  rapidly  from  4.7  to  about  4.1,  and  the  hardness  decreases 
from  7.5  to  about  3 ;  at  the  same  time  the  refringence  decreases 
and  the  birefringence  falls  even  more  rapidly  until  it  disappears 
entirely  in  malacon  with  only  3%  HjO.  When  the  process  con- 
tinues further  iron  is  often  introduced  as  well  as  water.  As 
illustrating  this  process  we  may  tabulate  recent  results  as  follows, 
(values  for  zircon  of  density  4.33  are  only  approximate) : — 
G.         n,  n  iip  "g  — "p 

4.7         ii^2  i;9239        OjOM 

4.3.1  1S&2  '  0-034- 

4.06  1.826  very  weak 

OccL'R.  Zircon  is  very  widely  distributed  as  an  acces- 
sory constituent  of  igneous  rocks  of  all  kinds,  but  it  is  especially 
common  in  syenite,  granite,  nepheline  syenite  and  diorite.  It 
appears  very  sparingly  in  gabbro.  peridotite,  and  theralite.  It  is 
apparently  more  abundant  in  plutonic  than  in  volcanic  rocks.    It 
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is  also  found  in  many  kinds  of  metamorphic  rocks,  and  by  disin- 
tegration it  reaches  the  sands  and  sediments. 

It  is  one  of  the  very  earliest  minerals  to  crystallize  from 
a  magma,  and  therefore  it  is  found  enclosed  in  many  of  the  other 
rock  minerals.  When  enclosed  by  micas  (especially  biotite)  chlo- 
rite, cordierite,  andalusite,  sometimes  amphiboles  or  pyroxenes  it 
is  surrounded  by  intense  pleochroic  halos. 

DiAG.  Zircon  may  be  distinguished  from  cassiterite  by 
much  weaker  birefringence,  the  mode  of  occurrence  and  chemical 
reactions ;  from  xeiiotime  by  higher  refringence,  less  perfect  pris- 
matic cleavage,  greater  hardness  and  chemical  reactions;  from 
thorite  by  much  stronger  birefringence,  greater  hardness,  and 
insolubility  in  HO. 

THORITE. 

Teitwconal  c  — 0.6402  (Th,Si)0^ 

Phvs.   Char.    In  square  prisms  with  pyramidal   terminations. 

Forms  like  .zircon.     Also  massive.     Cleavage  distinct   {]    Ilo.     H.  —  4.5-5. 

G.  =  S.2-S-4.      Infusible,      Gelatinizes  before   but   not   after  calcination. 

Opt.   Prop.    Uniaxial  and  positive.       Becomes  isotropic   upon 

Color  orange  yellow,  brownish  yellow,  brownish  black.  Streak 
light  orange  to  dark  brown. 

Alter.  Very  rarely  found  unaltered.  Upon  alteration  the 
specific  gravity  decreases  to  4.8  or  even  4.4.  ai>d  the  mineral  becomes  hy- 
drous, amorphous,  and  isotropic 

Occur.  Found  in  syenite  in  Scandinavia ;  also  in  Champlain 
iron  district  of  northern  New  York.    Rare. 

Di.vc.     Usually  amorphous  and  isotropic  from  alteration.     Con- 

CASSITERITE. 

Tetragonal  c  :=  0.672  SnO, 

Phys.  Char.  In  short  prismatic  or  pyramidal  crystals, 
or  in  anhedra.  Qeavage  di.stinct  |  \  100.  Twinning  as  with  rntile. 
H.-6.-7.     G.  =6.8-7.1. 

Opt.  Prop.     Uniaxial  and  positive.     The  interference 
cross  sometimes  separates  slightly  into  hyperbolas  on  rotation. 
Hg  =  2.093    "P^  1-997 
".  —  «p  =  0.097 

Color  brown  to  black;  also  red,  gray,  yellow,  white  to 
almost  colorless.  Color  sometimes  irregularly  distributed  or  in 
bands  or  zones.  Luster  adamantine.  In  thin  section  colorless, 
yellowish,  brown,  or  reddish. 

The  pleochroism  is  of  variable  intensity  in  different  lo- 
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calities;  it  is  usually  imperceptible  in  thin  section;  when  most 
intense  the  colors  are : — 

Z  =■  brownish  yellow  to  black 
X  ^  golden  yellow  to  iron  gray 

Occur.  Usually  produced  by  the  action  of  mineralizers 
from  acid  granites  in  veins  or  in  pegmatite.  Also  found  in  sul- 
phide veins  and  in  stream  gravels. 

DiAG.  Distinguished  from  rutile  by  its  less  extreme 
birefringence  which  produces  bright  colors,  instead  of  the  indefi- 
nite grays  of  the  higher  orders,  in  very  thin  sections. 

I^ttnerite  (PbO^)  cccurs  rately  in  crystals  of  prismatic  hab- 
it; usually  massive,  sometimes  globular.  Cleavage  unknown.  H.  =  5.-5.5. 
G.  =  8.5.  Fusible  at  2.  Soluble.  Uniaxial  and  negative.  Translucent  to 
nearly  opaque.  Color  iron  black.  Streak  chestnut  brown.  Found  tn 
lead  mines  in  Scotland  and  Coeur  d'Alene  district.  Idaho.  Rare.  Dis- 
tinguished from  other  minerals  of  the  rutile  group  by  mode  of  occurrence 
and  negative  sign. 

Poliuiite  is  very  rarely  tetragonal  in  crystals  which  arc  minute 
and  in  groups ;  nearly  always  pseudomorphous  after  manganitc  (then 
called  pyrolusite)  ;  often  massive,  encrusting.  Cleavage  perfect  ||  ITO. 
H.  —  6.-6.5.  Pyrolusite  is  soft  because  not  compact.  G,  —  4.74-5.03.  Sol- 
uble in  HCl.  Opaque.  Color  steel  to  iron  gray.  Luster  metallic  to 
earthy.  A  common  surface  ore  of  manganese.  Found  in  veins,  and  in 
deposits,  or  disseminated  in  sedimentary  rocks,  comtnonly  closely  asso- 
ciated with  manganitc. 


SALMIAC.  see  halite  group, 
SAFPHIRINE. 


MoNOCLiNic  a:b:c::  0.65 ;  1 : 0.93 

ja  =  79°  30' 

Phys.  Char.  Crystals  tabular  ||  010 
rarely  with  prismatic  planes.  Also  in  lamellar 
aggregates,  or  in  grains.  No  distinct  cleavage. 
Twinning  only  microscopic.  H.  ^  7.5.  G.  = 
3.42-3.48.  Infusible.  Insoluble  in  acids ;  slowly 
attacked  by  calcium  sulphate. 

Opt,  Prop.  The  plane  of  the  optic 
axes  is  parallel  to  Oio  and  the  axis  Z  makes  an  1 
angle  of  8°  with  c  in  the  acute  angle  fi.  The  op- 
tic sign  is  negative.  The  optic  angle  is  large. 
The  relief  is  high  and  the  birefringence  very 
weak     Inclined  dispersion  very  distinct  with  p  < 


MgjAljjSijOj, 


(-)   2^'  = 


49'  (2H  =  77"-84''). 
=  1,7088    tip  =1.7055 

<(,  =:  0.0057 


Figure   189. 
Optical    <H'ientnt<on 
sapphlrln*. 
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Color  pale  blue  or  green.  Pleodiroism  very  weak  in  thin  sec- , 
lion  in  blue  or  green  tints. 

Z  =  pale  blue  yellowish  green 

Y  =  pale  blue  bluish  green 

X  =  colorless  pale  greenish  blue 

•  OccUB.     Found   in   tnicaschists   and   gneiss   in   Greenland   asso- 

ciated with  green  hornblende,  pale  brown  mica,  and  gcdrite ;  also  cor- 
.dicrite,  kornerupine  and  anorthite.    Rare. 

DiAG.  Distinguished  from  corundum  t^  the  biaxial  character, 
from  lazulite  by  the  weak  birefringence,  from  cyanite,  cluitonites  and  blue 
amphiboles  by  the  lack  of  cleavage,  and  from  colored  cordierite  by  the 
higher  refringence. 

SARCOLITE. 

Tetragonal  c=o^7  (Ca.Na,)jAl,(SiO,), 

Phys.  Chab.  Crystals  small  resembling  cubo-octahedrons 
highly  modified ;  related  to  scapolite.  H.  =  6.  G.  =  2.5-2.9.  Fusible. 
Gelatinizes  with  acids. 

Opt.  Prop.  Uniaxial  and  positive.  Birefringence  strong.  Re- 
fringence n  =  1.64.     Color  flesh  red  to  rose  red.     Luster  vitreous. 

Occur.    Found  in  ejected  rock  fragments  at  Vesuvius.     Very 


SARKINITE,  see  fljnkite. 
SASSOLITK 
Tbiclinic  a:b:c::  0.5?? :  i :  0.528  H^BO^ 

a  =  104°  17'  ^  =  92°  33'  Y  =  89°  42' 
Phys.  Cbai.    Crystals  tabular  [|  001,  nearly  hexagonal  in  out- 
line.    Scaly;   stalactitic.     Twinning  with  c  as  twinning  axis.     Cleavage 
perfect  II  001.    H.  =  i.    G.=  i.48.    Soluble  in  H^O. 

Opt.  Prop.  The  optic  plane  is  nearly  parallel  with  b;  the  acute 
bisectrix  X  is  slightly  inclined  to  a  normal  to  001.  Birefringence  rather 
strong.  Opiic  angle  small.  2£  =  10°  - 12".  »  =  1.46.  No  visible  dispersion. 
Color  white  or  grayish.    Luster  (learty.    Colorless  in  section. 

Occur.  Found  in  Tuscan  lagoons;  also  a  fumarolic  product. 
Rare. 

Scapolite  Group. 

The  minerals  of  the  scapolite  group  are  silicates  of  alumi- 
num with  calcium  or  sodium,  or  both,  usually  containing  more 
or  less  chlorine.  They  crystallize  in  the  tetragonal  system  with 
very  iiitnilar  forms.  The  hardness  varies  from  5.-6.5,  and  the 
specific  gravity  from  2.5  to  2.8. 

The  scapolites,  like  the  feldspars,  form  a  series  with  a 
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gradual  variation  in  composition  and  in  physical  characters.  The 
silica  increases  with  the  increase  in  soda;  chlorine  increases  at 
the  same  time.  Further,  the  specific  gravity  decreases,  the  solu- 
bility in  acids  decreases,  and  the  refringence  and  birefringence 
diminish  as  the  silica  increases. 

The  composition  may  be  explained  by  the  isomorphous 
combination  of  two  molecules,  namely  the  meionite  molecule 
Ca,AlgSi,0„(Me)  and  the  marialite  molecule  Na..'\l,Si„0^,a 
I'Ma).    The  minerals  may  then  be  classed  as  follows: — 

Meionite  c  =  0.4393  MejMa,-  Me^Ma, 

Wernerite  1:=;  0.4384  Me^Maj-Me^Ma, 

Dipyre  c  —0,4424  Me^Maj-  MCjMaj 

Marialite  c  =  0.441?  Me,Ma^-  Me^Ma, 

MEIONITE. 

Tetbagokal  c=:  0.4393  McjMa^  to  Me^Ma^ 

Phys.  Char.  Crystals  short  prismatic  with  pyramidal  ter- 
minaticois.  Also  graDular  and  massive.  Cleavage  distinct  ||  loo  and  010, 
less  distinct  ||  no.  H.  =  5.5-6.  6.^2.70-3.74-  Fusible  with  intumes- 
cence at  3.     Decomposed  by  acids  without  gelatiniiation. 

Opt.  Pbop.  Uniaxial  and  negative.  Refringence  considerable ; 
birefringence  strong ;  both  decrease  with  increase  of  the  proportion  of 
marialite  present. 

«g  =  1-597  "o   1.583 

M,—  1.560  to   1.552 

Hg  —  «,  — 0.037100.031 

Colorless  to  white.     Colorless  in  section. 

Incl.  and  Alter.    Similar  to  dipyre. 

Occur.  Found  in  small  crystals  in  cavities  usually  in  lime- 
stone blocks  at  Vesuvius;  also  in  crystalline  schist  and  gneisses.  Not 
common. 

DiAG.  Distinguished  from  other  scapolites  by  higher  relief  am? 
stronger  birefringence ;  also  by  the  scarcity  or  absence  of  sodium  and 
chlorine.     See  also  wernerite. 

WERNERITK 

Tetbago.nal  c  =  0.4384  Me,Ma,  to  Me,Ma, 

Phys.  Char.  Crystals  often  coarse,  rough  and  large. 
.■\lso  massive.  Cleavage  distinct  but  interrupted  1 1  100  and  010. 
less  distinct  |l  110.  H.  —  5.-6.  G.  =  2.66-2.70.  Fuses  easily 
with  intumescence.     Imperfectly  decomposed  by  HO. 

Opt.  Prop.  Uniaxial  and  negative.  Refringence  con- 
siderable; birefringence  rather  strong;  both  decrease  with  in- 
crease in  the  proportion  of  marialite  present. 
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«,=  1.583  to  1.563 

n>— 1-553  to  1.545 

n,  —  «p  =  0.030  to  0.018 

Color  white,  gray,  bluish,  greenish  or  reddish.  Streak 
colorless.     Colorless  in  section. 

Occur.  Found  in  mctamorphic  rocks  most  commonly 
in  limestone  where  modified  by  contact  metamorphism.  Often 
associated  with  diopside,  garnet,  titanite,  apatite,  zircon,  etc. 
Wemerite  is  the  common  scapolite. 

DiAG.  Distinguished  from  meionite  by  lower  relief  and 
weaker  birefringence,  from  other  scapolites  by  higher  relief  and 
stronger  birefringence ;  distinguished  from  feldspars,  cordierite 
and  zoisite  by  stronger  birefringence,  uniaxial  character,  and 
cleavages;  from  quartz  by  stronger  birefringence,  negative  sign, 
and  cleavages;  from  prehnite  and  colorless  micas  by  the  uniaxial 
character:  from  andalusite  by  the  uniaxial, character  and  stronger 
birefringence. 

DIPYRE. 
Tetragonal  c  —  0.4424  Me,Ma;  to  Me,Maj 

Phys.  Cii.\k.  Crystals  long  prismatic,  vertically  striated, 
with  pyramidal  terminations,  often  rounded,  oval,  etc.  Also 
globular,  massive.  Cleavage  distinct  ||  100  and  010.  II.  =  6. 
G.  —  2.62-2,65.  Fuses  easily  with  little  intumescence.  Only 
slightly  decomposed  by  acids. 

Opt.  Prop.  Uniaxial  and  negative.  Refringence  and 
birefringence  moderate,  both  decrease  with  increase  in  the  pro- 
(Kirtion  of  marialite  present. 

H,-    1,562    to     1,5545 

«p=  1.546  to  1. 5417 
tig  —  »p^o.oi6  to  0.0128 

Colorless,  milky,  greenish,  gray,  violet,  black.  Distinct 
color  is  always  due  to  inclusions  or  alterations.  Colorless  in  sec- 
tion, 

Incl.  Dipyre  usually  lias  abundant  inclusions  which 
vary  somewhat  with  the  nature  of  the  occnrrence.  In  limestones 
colorless  dipyre  often  contains  inclusions  of  cnlcite;  in  black  lime- 
stones the  carbonaceous  matter  is  often  found  exclusively  as  in- 
clusions in  dipyre  if  that  mineral  be  present.  The  dinyre  may 
also  contain  grains  of  quartz  and  scales  of  mica;  in  other  cases 
inclusions  of  feldsoar,  aniphibole.  garnet,  etc.  In  mica  schists  . 
dipyre  often  contains  many  incUisions  of  mica,  tourmaline,  rutile. 
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actinolite,  etc.  Sometimes  these  inclusions  are  oriented  parallel 
with  the  vertical  axis  of  the  dipyre.  In  siliceous  contact  rocks 
(hornstone,  etc.)  dipyre  contains  inclusions  of  mica,  pyroxene, 
tourmaline,  etc.  These  are  usually  without  orientation  and  thus 
produce  a  poikilitic  texture.  Sometimes  they  are  more  abundant 
than  the  dipyre  which  encloses  them. 

Alter.  The  alteration  products  of  dipyre  are  numer- 
ous, including  mica  (probably  damourite),  colorless  or  very  pale 
green  clinochlore  (called  leuchtenbergite) ,  calcite,  quartz,  cha- 
bazite,  stilbite,  and  sometimes  a  colloidal  material.  It  is  also 
sometimes  metamorphosed  to  a  mixture  o£  forsterite  and  spinel. 

Occur.  Dipyre  is  found  in  various  crystalline  schists, 
in  many  rocks  produced  by  contact  metamorphism,  and  in  igneous 
rocks  modified  by  endomoq>hism. 

DiAG.  Distinguished  from  other  scapoUtes  (except 
marialite)  by  weaker  birefringence  and  lower  relief,  from  quartz 
by  stronger  birefringence,  optic  sign,  and  cleavages.  See  also 
wernerite. 

MARIALITE. 

Tetragonai,  (  =  0.4417  Me^Ma^  to  Me^MSj 

Phvs.  Char.  .  Similar  to  dipyre  in  physical  characters,  bu< 
G.  =  2.57,  and  nearly  insoluble  in  acids. 

Opt.  Prop.  Uniaxial  and  negative.  Refringence  and  birefrin- 
gence close  to  those  of  quartz. 

'»,=  <i.SS4    «p  =  <i.542 

Incl.  and  .^lteb.    Similar  to  dipyre. 
Occur.    Found  in  volcanic  rocks  in  Italy.    Rare. 
DiAo.     Distinguished    from    other    scapolites    by    weaker    bire- 
fringence and  lower  relief,  from  quartz  by  optic  sign  and  cleavages. 

SCHEELITE. 

TnTSAGONAL  i:  =  1.536  ,CaWO, 

CoMP.    Molybdenum  sometimes  replaces  considerable  tungsten. 
Phvs.    Char.    Crystals    pyramidal,   or    tabular    ||    001.      Also 
reniform.  granular  massive.     Twinning  on  loO  of  both  contact  and  pene- 
tration  types.     Cleavage   distinct    1 1    ill,    indistinct    1 1    loi.     H. ^=  4.5-3. 
G.  =  5.9-6.1.    Fusible  at  5.    Decomposed  by  HCI  leaving'  a  yellow  residue. 
Opt.   Pbop.     Uniaxial  and  positive.     Refringence  high. 
«g  =  1-935    "p  =  1-919 

Color  white,  pale  yellow,  brownish,  greenish,  reddish.     Streak 

Alter.    Alteration  to  wolframite  is  frequent. 
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Occur.  Found  in  crystalline  rocks  and  p^matite  veins  with 
cassiterite,  topaz,  fluorite,  molyb.denilc,  wolframite;  also  with  gold  ores. 

Stoliite  (PbWO^)  is  isomorphous  with  scheelite,  with  r  = 
1 .567.  Crystals  pyramidal ;  agKregated.  Cleavage  imperfect  1 1  001,  in 
traces  ||  iii.  H.  =  2.5-3.  G.  =  7.8?-8.i3.  Fusible  with  decrepitation 
at  2.  Decomposed  by  HNOj,  leaving  a  yellow  residue.  Uniaxial  and 
negative;  n^-=2.26&S.  ",  =  2.182;  n,  —  »j,  =  o.o865.  Color  green,  yellow- 
ish gray,  brown,  red.     Streak  colorless.     Found  in   veins.     Rare, 

WnKenite  (PbMoO^)  is  isomorphous  with  scheelite,  with  c=- 
1-577.  Crystals  varied  in  aspect,  often  tabular  ||  001,  also  prismatic  or 
pyramidal.  Massive,  coarse  or  fine  granular.  Cleavage  distinct  ||  in, 
indistinct  |I  001  and  113,  H.  =  2.5-3.  G.  =  6.7-7.  Fusible  below  2  with 
decrepitation.  Decomposed  by  HCl.  Uniaxial  and  negative;  n^=  2.4,02. 
tt^-=- 2,304;  H,  — 11^  =  0.098.  Color  wax  yellow,  orange  yellow;  also  green. 
gray,  nearly  colorless,  brown,  bright  red.  Streak  white.  Found  in  veins 
with  lead  ores. 

DiAc  Scheelite  differs  from  stokite  and  wulfenite  in  sign 
and  in  much  weaker  birefringence. 

SCOLBCITE,  see  zeolite  group. 

SCORODITE. 

Okthorhombic  a:h:c::  o566 ;  i :  0.954  FeAsO,  +  2HjO 

Phys.  Char.  Crystals  pyramidal,  prismatic,  or  tabular  ||  100; 
aggregated;  earthy.  Cleavage  imperfect  ||  120.  in  traces  ||  100  and  010, 
H.  =  3-5-4-  G,  =  3-i-3-J-  Easily  fusible  with  blue  flame.  Soluble  in 
HCl. 

Opt.  Prop.  The  optic  plane  is  parallel  to  100;  the  acute  bi- 
sectrix Z  is  normal  to  001.  Optic  angle  large ;  dispersion  p'^v  very 
marked. 

(+)  2E=ii5°43' 
«  =  i,84 

Color  leek  green  to  liver  brown.  Streak  white.  Pleochroic  in 
thick  sections  with  Z  colorless  to  pink,  X  bluish  green. 

Occur.  Found  with  arsenopyrite,  enargite,  limonite,  pyrite, 
pharmacosiderite,,etc.,  in  limestone,  or  in  cavities,  or  in  veins;  also  formed 
about  geysers- 

SELLAITE. 

Tetragonal  c  =  o.(A  MgF., 

Phvs.  Chab.  Crystals  usually  prismatic;  fibrous.  Cleavage 
perfect  1|  loo  and  110.  H.  —  5.  G-  =  2.9-3.1.  Fusible  with  intumescence. 
Soluble  in  pure  H.SO^. 

Opt.    Prop.     Uniaxial    and    positive.      Refringence    the    lowest 
known  among  minerals;  except  ice  and  villiaumile.    Colorless. 
'•,=  1-3897    np=  1.3780 
tig  — «P  =  o-oii7 
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Occur.     Found    : 


DiAG.    Differs    from    scapolit< 


also    with    fluorit« 


:   easy  cleavages  and   its 


optic  sign. 

SENARMONTITB,  see  arsenolite. 
SEPIOLITE. 

MoNOCLiNic?  Axial  ratio  unknown  HgM|^Si,0,. 

Phys.  Chab.  Unknown  in  distinct  crystals,  although  always 
crystalline.  Occurs  in  earthy  to  porous  compact  masses  or  lamellar. 
Cleavage  perfect  ||  ool,  giving  fleicible  lamina;  parting  apparently  !|  olO. 
H.  =  2.-2.5.  G.  ^2.  Dry  porous  masses  float  on.  water.  Often  adheres 
to  the  tongue  on  account  of  a  tendency  to  ab.sorb  hygroscopic  water;  also 
may  absorb  oily  substances,  and  is  thertrfore  iised  for  cleaning  purposes. 
In  the  closed  tube  prwiiptly  gives  hygroscopic  water,  but  does  not  decom- 
pose and  yield  its  water  of  constitution  except  at  red  heat.  It  then  gives 
a  burnt  smell,  and  is  transformed  to  a  white  mass  with  H.  =  6.  Before 
the  blowpipe  usually  blackens,  then  turns  white,  and  fuses  at  about  6. 
Gelatinizes  with  HG. 

Opt.  Prop.    The    negative    acute   bisectrix    is   perpendicular  or 
nearly  perpendicular  to  the  lamellar  cleavage  001.    Tiic  angle  of  the  c^tic 
axes   is   variable   and   may   even   be   0°    on   account   of 
superposition  of  lamiiKE.     The  optic  plane  is  parallel  to 
010. 

(— )   2£  =  1I2'     2r  =  74'± 

nj>i.S49  (index  of  balsam)  «„<  1-549  (index  of 

balsam) 

Color  white,  pink,  greenish  yellow.  More 
transparent  after  immersion  in  a  liquid.  Colorless  in 
thin  section,  but  sometimes  colored  and  pleocbroic  in 
thick  laminse  with  Z  =  Y  =  golden  yellow,  X  — color- 
less to  very  pale  yellow. 

Incl.  Sepiolile  often  has  abundant  inclu- 
sions ;  Ihcy  are  sometimes  largely  composed  of  cal- 
cite  or  dolomite,  with  or  without  silica.  In  Moroccci 
the  mineral  contains  a  little  potassium  and  magnesium„    , insure  IM. 

,  .    ,  '^  "  Optical    orientation 

sulphate.  of  seplolHe. 

Occur.     Sepiolite    is   found    in   lake   deposits 
lormed   at   the   .'ame   lime   as   gypsum   and   halite,   according   to   Munier- 
Chalmas.     Also  found  in  thin  layers  in  serpentine. 

DiAG.  The  variety  meerschaum  has  a  characteristic  texture. 
Other  varieties  are  usually  to  be  distinguished  from  fine  lamellar  kaolin- 
ite  an-d  sericite  only  by  abundance  of  magnesia  and  absence  of  alumina. 

SERENDIBITE. 

MoNOCLiNic  OR  Tbiclinic  (Mg,Ca,Fe) ,^,BjAlj„Si,0^e 

Phys.   Char.    Crystals   si.\-sided  plates;   gramilar.     Twinning 


|l||  |l 
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I>ol)rsyjithetic   like   plagioclase.      Cleavage   absent.      H.  =  7.±.      G,  =  3.42. 
Infusible.     Insoluble. 

Orr.  Pkop.    Sections  normal  to  the  twinning  plane  with  sym- 
tnctrical  extinction  angles  of  35°-  40°  are  nearly  normal  to  the  acute  bi- 
sectrix Z.     Refringence  high.     Birefringence  weak. 
(+)  2F  =  large 

Color  blue,  light  azure  to  dark  indigo.  In  thin  section  strongly 
pleochroic  with  Z  azure  blue ;  Y,  X  pale  yellowish  green  to  colorless ;  in 
other  cases  the  colors  range  from  indigo  blue  lo  brownish  yellow. 

OccuK.  Found  with  diopside  and  green  spinel  between  granu- 
lite  and  crystalline  limestone.     Very  rare. 

Serpentine  Croup. 

The  minerals  of  the  serpentine  grcmp  are  basic  mag- 
nesian  sihcates,  with  iron  or  nickel  in  some  cases.  They  are 
usually  produced  by  alteration  from  ferromagnesian  silicates, 
(ispecially  ohvine.  Usually  massive,  either  foliated  or'  finely 
fibrous.  They  are  often  colloidal  and  impure,  and  both  their  crys- 
tal system  and  composition  are  subject  to  revision.  The  minerals 
which  are  here  included  in  this  group  are  as  follows: — 

Antigorite  Orthorhombic    (Paeudocubic)  H^Mg^Si^Oj 

Chrysoiile  Orthorhombic  H^Mg^SijO, 

Bowlingife  Orthorhombic  Ferriferous  antigorite 

Xylotile  Orthorhombic  Ferriferous  chrysotile 

Dewey  lite  ?  Hj^Mg^SijO,, 

Genthite  ?  Nickeliferous  deweylite 

ANTIGORITE. 
Orth.  (Psni'DOCLJEic)         Axial  ratio  unknown 

PuYS.  Char.  Crystal  form  rare, 
simulating  a  cube  modified  by  an  octahedron. 
Ccwnplex  twinning  produces  the  pseudosym- 
metry.  Usually  in  lamellar  aggregates.  Cleav- 
age perfect  1 1  lOO,  easy  1 1  010,  and  001  in  some 
cases.  Parting  rare  ||  iii.  H.  i::^  3,-4.  G. 
=  2.55-2.58.  Difficultly  fusible.  Decom- 
posed by  HCI  or  H^SO,. 

Opt.  Prop.  The  plane  of  the  optic 
axes  is  parallel  to  010;  the  negative  acute 
bisectrix  is  normal  to  100,  that  is,  the  perfect 
cleavage.  The  elongation  of  the  lamellae  i=i 
always  positive.  The  optic  angle  is  large, 
but  superposition  of  lamellae   is  almost  con- 


H,Mg,Si.O, 


ANTIGORITE 


Optical    orlentaH< 
at  antigorite. 
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stant,  always  reducing  the  angle,  often  till  it  is  nearly  zero.     Dis- 
persion p>v  weak. 

(— )2£z^no°±     ■ 
»„,=  1.570 
n,  —  Mj  —  less  than  0.009 
Color  green  of  various  shades,  grayish,  yellow,  rarely 
white.     Pale  greenish  to  colorless  in  thin  section.       Pleochroic 
only  in  very  thick  sections  ;  then  : — 
Z  =  pale  green 
Y  in  X  ^  pale  greenish  yellow 
Occur.    Found  commonly  in  peridotites  and  serpentine 
rocks  resulting  from  their  alteration;  found  also  in  other  igneous 
and  metamorphic  rocks  as  an  alteration  product. of  olivine,  pyrox- 
ene, amphibole,  and  other  ferromagnesian  silicates. 

Bastite  is  a  lamellar  variety  of  antigorite;  it  is  always 
pseudomorphous  after  pyroxene,  usually  orthorhombic,  some- 
times monoclinic  (diopside).  It  forms  by  regular  gradual  devel- 
opment, so  that  one  crystal  of  bronzite  is  replaced  by  one  crystal 
of  bastite  in  which  the  easy  cleavage  100  corresponds  to  the 
(cleavage  or)  parting  010  of  the  rhombic  pyroxene. 

DiAC.  Distinguished  from  chrysotile  by  position  and 
sign  of  the  acute  bisectrix,  weaker  birefringence,  and  larger  optic 
angle;  also  by  lamellar  structure  rather  than  fibrous. 

CHRYSOTILE. 
Ohthorhombic  Axial  ratio  unknown  H.MgjSi^Oo 

PiiYs.  Char.    Usually  in  fibrous  masses  without  crystal 
Fibers  usually  separable  and  flexible.    Prismatic  cleavage 


making  an  angle  of  130°  rarely  visible.  Color 
green,  golden  yellow,  greenish  gray,  H.  ■=■ 
2.-3.  G.  =  2.36-2.52.  Density  variable  on 
account  of  porosity.  Fusible  at  6.  Decom- 
posed by  acids  leaving  skeleton  fibers  of  silica. 
Opt.  Prop.  The  plane  of  the  optic 
axes  is  parallel  to  010  and  the  positive  acute 
bisectrix  is  parallel  to  the  elongation  of  the 
fibers,  that  is  parallel  to  c.  The  obtuse 
bisectrix  is  normal  to  100.  The  optic  angle 
is  small  and  superposition  may  make  it  appar- 
ently zero.  The  same  cause  often  reduces  the 
apparent  strength  of  the  double  refraction. 


CHRYSOTILE 


Figure 

Optical    or _... 

of  chrysotile. 
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(  +  )  2f  =  30°  to  35" 
n=i.54± 
»g  —  n„  =  0.013 
Color  green,  golden  yellow,  greenish,   gray.       Luster 
often  silky.     In  thin  section  pale  greenish  or  yellow  to  colorless, 
but  in  thick  sections  pleochroism  distinct  with 
Z  —  green  or  yellow 
Y  ^  X  ^  greenish  yellow  to  colorless 
Occur.    Found  commonly  associated  with  antigorite  in 
serpentine  rocks;  also  in  veins  in  such  rocks;  less  commonly  as 
a  decomposition  product  of  ferromagnesian  minerals  in  various 
other  rocks. 

DiAG.  Distinguished  from  antigorite  by  position  arid 
sign  of  the  acute  bisectrix,  the  small  optic  angle,  and  the  some- 
what stronger  birefringence;  also  by  fibrous  structure,  rather 
than  lamellar.  Distinguished  froiT\  fibrous  amphibotes  by  much 
weaker  birefringence,  lower  relief  and  parallel  extinction. 

BOWLINGITE. 

Ortuorhombic?  Axial  ratio  unknown  Hydrous  silicate  o£  iron, 

maffnesium,  aluminum. 

CoHP.  Bowlingite  seems  to  be  a  ferriferous  antigorite,  or, 
more  exactly,  a  hydraled  silicate  of  iron  and  magnesium  with  a  little 
aluminum.  More  or  less  of  the  iron  is  oxidized  to  Ihe  ferric  State  in 
the  yellow  and  brown  varieties. 

Phvs.  Chas.  Not  known  in  crystal  form  except  as  pseudo- 
morphs  after  olivine.  Also  fibrous  or  fibrolamellar.  Cleavage  perfect  || 
100;  mote  rarely  also  transversal  cleavage,  G.  ^2.29-2.3.  Easily  soluble 
in  HO, 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to  010 ;  the 
negative  acute  bisectrix  is  normal  to  too.  that  is,  (he  easy  cleavage.  The 
optic  angle  is  always  small,  often  near  iiero.  The  refringence  is  less  than 
that  of  olivine,  and  similar  to  that  of  antigorite,  while  the  birefringence 
exceeds  0.025   in  the  dark  yellow   varieties. 

( — )  2£  =  3S°  to  40°  maximum 

«,  —  »Ij,  =  >  0.025 
Color  green,  yellow  to  reddish  brown,  depending  upon  the  state 
of  oxidation  of  the  Iron.     In  thin   section  pleochroism   is  always  distinct, 
and  very  marked  in  the  green  varieties,  as  follows: — 

Z  =  green  golden  yellow  dark  reddish  yellow 

Y  =  clear  green  clear  yellow  reddish  yellow 

X  =  greenish  yellow         pale  yellow  reddish  yellow 

Alter,  In  the  alteration  of  olivine  to  bowlingite  the  latter 
often  orients  itself  upon  the  former,  a  single  crystal  of  one  changing  to 
a  single  crystal  of  the  other.  In  this  case  loo  of  bowlingite  coincides  with 
001  of  the  olivine,  and  the  optic  plane  of  the  former  is  parallel  to  010  of 
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the  latter.  In  other  cases  a  crystal  of  olivine  may  be  changed  by  progres- 
sive alteration  to  a  fibrolamellar  aggregate  of  bowlingite.  Secondary 
magnetite  often  forma  irregular  inclusions  in  bowlingite. 


BOWUHGITC 


of  olivine  and 
Inglle,  the  forn 
terlng  lo   the  ]e 


Occur.  Found  as  an  alteration  prod- 
uct of  ferriferous  divine  in  basic  igneous  rocks. 
Common  in  rocks  from  Lake  Superior  region. 

Iddingsite  is  described  as  a  hydrous 
silicate  of  iron,  magnesium  and  calcium,  which 
is  perhaps  the  same  as  bowlingite.  The  two  are 
alike  In  physical  characters,  alike  in  optical  char- 
acters, and  alike  in  their  common  origin  from 
ohvine,  and  even  in  the  mode  of  alteration  pro- 
ducing them.  Iddingsite  seems  to  differ  some- 
what in  specific  gravity  (0.^2.84),  and  in  the 
presence  of  calcium.  In  all  other  characters,  in- 
cluding mode  of  occurrence,  it  resembles  bowling- 
ite' very  closely. 

DiAc.  Distinguished  from  antigorite  by  color,  pleochroism,  and 
much  stronger  birefringence.  Also  by  abundance  of  iron.  Distinguished 
from  goethlte,  which  is  another  common  alteration  product  of  olivine  in 
certain  localities,  by  refringence,  less  than  that  of  olivine,  while  goethlte 
has  refringence  higher  than  that  of  olivine.  Further,  goethlte  dissolves 
in  cold  dilute  HCl  much  more  rapidly  than  bowlingite. 

XYLOTILE. 

Orthorhomdic?  Axial  ratio  unknown  Hydrous  silicate  of 

iron  and  magnesium. 

CoMP.  Xylotile  may  be  considered  a  ferriferous  chrysotilt, 
or  a  hydraled  silicate  of  iron  and  magnesium  in  which  more  or  less  of 
the  iron  may  be  oxidized  lo  the  ferric  state. 

Phys.  Char.  Similar  to  bowlingite.  G.  =  2.56  (green  variety) 
to  2.4  (brown  variety).  Fusible.  Decomposed  by  warm  HCl  leaving  & 
skeleton  of  silica. 

Opt.  Prop.  The  positive  acute  bisectrix  is  parallel  with  the 
elongation  of  the  fibers,  as  in  chrysotilc.  The  optic  angle  is  small.  The 
birefringence  is  considerable. 

(+)   2£  =  20°  about 
Hj — Hj,  =  0.026  about 

Color  green  or  brown.  In  thin  section  the  pleochroism  is  in- 
tense, with  Z^very  dark  golden  yellow;  Y  =  X  =  paie  yellowish. 

OccL'R.  Found  sparingly  in  some  serpentine  rocks  and  in 
crystalline   limestone.     Rare. 

Thermophyllite  is  a  hydrous  silicate  of  magnesium,  aluminum 
and  sodium;  cleavage  laminae  are  flexible,  inelastic;  H. ^2.5.  G. :^2.6. 
Fusible  at  6.  Slowly  attacked  by  H^SO^.  Negative  acute  bisectrix  nor- 
mal to  cleavage;  2E  —  20"  -22°;  n^  — 11^  =  0.03  ±.  Silver  white,  yellowish, 
etc.     Luster  pearly.     Found  in  serpentine. 
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DiAC.  Xylotile  is  distinguished  from  chrysotile  by  color,  in- 
tense pleochroism,  and  rather  strong  birefrir^ence.  Distinguished  from 
bowlingite  by  the  positicai  i>f  the  acute  bisectrix  with  respect  to  the  cleav- 
age and  fibers,  and  by  the  cqitic  sign ;  also  by  the  fibrous  structure  rather 
than  the  lamellar  or  fibrolamellar. 

DEWEYUTE. 

J  unknown  H^^Mg^Si^Oj, 

anslucent  masses  having  the  appear- 
ance of  gum.  White,  yellow,  reddish,  or  green.  H,  =  3.-3.5-  G.  =  2.-2.3. 
Gives  much  water  in  the  closed  tube.  Decrepitates  when  heated,  becomes 
opaque,  and  fuses  at  6.     Slowly  attacked  by  HCt. 

Opt.  P«ip.  The  angle  of  the  optic  axes  is  quite  small.  The 
sign  is  positive.  The  mineral  is  always  finely  fibrous  like  chalcedony;  it 
is  sometimes  perfectly  spherulitic.     The  elongation  of  the  fibers  is  posi- 

{-!-)  a£  =  small 
"=<iSS 

Color   white,  yellow,   reddish,   green. 

Occult.  Found  in  veins  in  serpentine  rocks  and  in  crystalline 
limestones.    Rare. 

DiAC  The  microstructure  is  characteristic  of  deweylite  as 
compared  with  the  other  minerals  of  the  group.  Distinguished  from 
chalcedony  by  the  sign  of  the  bisectrix  and  the  sign  of  the  elongation. 

GENTHITE. 

OnHOSROMBic  ?  Axial   ratio  unknown  Hjj(Ni,Mg)jSijOjj? 

Coup.  Many  analyses  have  been  nude,  but  the  formula  is  still 
quite  uncertain.     Genthite  may  be  simply  a  nickeliferous  deweylite. 

Fays.  Char.  Commonly  found  in  manunillary  or  stalactitic 
forms  with  greasy  luster  or  feel.  Sometimes  earthy  and  rough.  H.  ^= 
1.-3.  0,^2.27-2.87,  varying  with  the  amount  of  nickel  present.  Infusible. 
Decomposed  t^  HCl  without  gelatinization. 

Opt.  Pkop.  The  angle  of  the  optic  axes  is  very  small.  The 
sign  is  positive.  The  mineral  is  often  finely  fibrous  like  chalcedony  and 
deweylite;  sometimes  spherulitic.  The  elongatioin  of  the  fibers  is  posi- 
tive. In  other  cases  it  is  crypiocrystalline  or  amorphous.  In  garnierite, 
»=i.59- 

Color  dark  green,  pale  green,  yellow ;  in  thin  section  bright 
green,  rarely  yellowish. 

Occur  Genthite,  or  the  closely  related  if  not  identical  minerals 
garnierite  and  nonin£ite,forms  the  chief  ore  of  nickel  in  New  Caledonia. 
Common  associates  are  chromite,  other  serpentine  minerals,  olivine,  stea- 
tite, etc.     Also  found  with  similar  associates  in  Pa.,  Ore.,  N.   C,  etc. 

Nepouiteis  a  hydrous  nickel  magnesium  silicate  [Hj(Ni,Mg)., 
SijOj]  perhaps  related  to  genthite;  it  has  two  cleavages;  G.  =  2.47-3.24. 
Refringence  and  birefringence  increase  with  the  nickel  content  from  1.56 
and  less  than  0.03  respectively  to  1.62-1.63  and  O-038.  The  optic  sign  is 
negative ;  the  optic  plane  nearly  parallel  to  the  inferior  cleavage,  and  an 


c.u-.,z..j.AA)1>^[c 


362  OPTICAL  MINERALOGY. 

optic  axis  is  nearly  normal  to  the  tamination.     Color  greenish,  X  green, 
Z  greenish  yellow.    Found  in  New  Caledonia. 

DiAG.  Genthite  is  distinguished  from  other  members  of  th? 
group  by  marked  green  color,  chalcedonic  to  amorphous  texture,  and 
presence  of  nickel. 

SERPIERITE,  see  brochantite.     SEYBERTITE,  see  clintomte 
group.    SIDERITE,  see  calcite  group. 

SILLIMANITE. 

Orthorhombic  a:b:c::  0.6873 ;  i :  ?  AljSiO^ 

Phys.  Char.  Crystals  prismatic,  much  elongated  with- 
out terminal  faces.  Prismatic  striations.  Sometimes  even  fibrous ; 
then  often  compactly  interlaced.  Cleavage  very  perfect  ||  100, 
showing  distinctly  in  sections  when  the  crystals  are  not  too  small. 
H.  =  6.-7.  G.  =  3.17-3.24.  Infusible.  Insoluble.  Colored  blue 
1^  heating  after  moistening  with  cobalt  nitrate. 

Opt.  Prop,    The  plane  of  the  optic  axes  is  parallel  to 
100,  that  is,  the  plane  of  the  cleavage.    The  positive  acute  bisec- 
trix   is   parallel    with   c.     The   elongation   is     SILLIMANITE 
therefore  always  positive.   The  relief  is  marked 
and  the  birefringence  strong.    The  optic  angle 
is   small   and   somewhat   variable.     The   dis- 
persion of  the  optic  axes  is  strong,  with  p>v. 
Ceylon    Morlaix,  France    Saybrook 
(-}-)    af—    31°  26°  25" 

ng=  1.6766  i,6So  1.6818 

n^—  1.6577  r.66i  1.6612 

jip^  1.6562  i.6sg  1.6603 

»j  —  "p  =  0.0204  0.021  0.0215 

The  variations  in  the  indices  of  re- 
fraction and  the  optic  angle  may  be  due  to  the 
presence  of  pigments.  Thus,  Hlawatsch  has 
found  in  dark  brown  sillimanite  from  Say- 
brook  Mg^  1.6773  3nd  Hp^:^  1.6549,  while  in  the  pale  brown 
variety  from  the  same  place  tig^  1.6837  ^n*^  «p^  r.6612. 

Colorless,  yellowish,  greenish  or  colored  brown  by  scales 
of  biotite  lying  between  the  acicular  sillimanite  crystals.  Pleo- 
chroism  is  not  perceptible  in  thin  sections.  In  thick  sections  a 
pleochroism  is  to  be  observed,  which  is  often,  if  npt  always,  due 
to  the  fine  inclusions  of  biotite,  as  follows: — 

X  =  pale  brownish  pale  to  brownish  yellow 

Y  =  brown  pale  to  grayish  green 

Z  —  dark  brown  violet  blue 
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Incu  Sillitnanite  often  contains  inclusions  of  spinel 
or  biotite  or  glass.  The  spinel  may  be  an  alteration  product  in 
some  cases — either  from  sillimanite  or  from  the  accompanying 
mica. 

Occur.  Sillimanite  occurs  most  abundantly  in  crystal- 
line schists,  gneisses  and  related  rocks;  it  is  found  also  in  eclo- 
gite,  and  some  other  metamorphic  rocks.  In  igneous  rocks  it 
occurs  only^as  a  result  of  absorption  of  foreign  materials.  Also 
produced  by  contact  metamorphism  near  granite. 

DiAG.  Distinguished  from  andalusite  and  zoisite  by  the 
positive  character  of  the  elongation,  the  strong  birefringence, 
and  the  position  of  the  optic  plane  with  reference  to  the  cleav- 
age. Distinguished  from  scapolite  minerals  by  the  cleavage  and 
the  biaxial  character.  Interlacing  needles  are  characteristic  of 
the  variety  fibroUte. 

SILVER,  see  gold  group.     SMALTITE,  see  pyrite  group. 

SHITHITE. 

MoNOCLiNic  a:b:  c::a.22: 1 -.i.^s?  AgAsS^ 

/S  =  78'48' 

Phys,  Char.  Crystals  apparently  hexagonal,  tabular.  Cleav- 
age perfect  ||  100.    H.  =  i.5.2.    G.  =  4.88. 

Opt.  Prop.    The  optic  plane  is  parallel  to  010;  the  acute  bisec- 
trix X  makes  an  angle  of  about  6°   with  a  normal  to  100  in  the  obtuse 
anf^e  p.    Refringence  extremely  high ;  birefringence  strong. 
(-)  2!'=6s°± 
n  ^  3-2?  ± 

Color  and  streak  scarlet  vermilion,  altering  to  orange  red. 
Pleochroism  weak  even  in  thick  plates. 

Occur.    Found  in  doloipite.     Very  rare. 

Hutchinaonite  is  related  chemically  to  smithite,  but  contains 
more  elements  [Pb,(Tl,Ag)jAs^Sg].  It  is  orthorhombic  with  a:b:c:: 
1.634:1:0.755-  Crystals  prismatic;  cleavage  good  1|  100.  H.  =  1.5-2. 
G.  =  4.6.  Optic  plaJie  parallel  to  100;  acute  bisectrix  X  normal  to  010. 
Refringence  extremely  high;  ti|j^3.if<8.  0^  =  3.176.  «p  =  3.078;  n^  —  n^  = 
o.iio.  Color  and  streak  scarlet  vermilion  to  deep  cherry  red.  Pleo- 
chroism  weak.     Found  with  smithite.     Very  rare. 

SMITHSONITE,  sec  calcite  group. 

Sodalite  Group. 

The  sodalite  group  includes  four  minerals  which  are  sili- 
cates of  sodium  and  aluminum,  and  contain  in  addition  either 
chlorine,  sulphur,  or  the  sulphuric  acid  radical.    They  crystallize 
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in  the  isometric  system  and  may  be  isomorphous  with  the  gar- 
nets. Crystals  are  often  dodecahedrat,  but  a  massive  granular 
condition  is  common.  They  are  sometimes  twinned  on  the  spinel 
law  (twinning  plane  in).  Dodecahedral  cleavage  is  present, 
but  not  perfect.     H.  —  5.-6.     G.  —  2.1-2.5. 

The  minerals  of  this  group  are  all  easily  attacked  by 
acids,  evfen  acetic  acid,  with  the  production  of  gelatinous  silica; 
therefore  in  nature  they  alter  very  readily.  They  fuse_  at  3.  to  5. 
with  intumescence  to  a  colorless  glass. 

The  minerals  of  the  group  are  as  follows: — 
Sodalite  (jNaAlSiO^+NaCI  or)  Na/Aia)Al,(SiO^), 

Noselite  (4NaAlSiO, -|-Na^SO,  or)     Na/NaSO^- Al)Alj(SiO,), 

Hauynite  [2(Na,,Ca)Al^Si,Og -|-  (Na,,Ca)SO,  or] 

(Na,.Ca),(NaSO^Al)A!j(SiOJ, 
Laiurite  (Naj,Ca),[(NaSj,NaSO^,a)AI].'\l^,(SiO,);, 

SODALITE. 

Isometric  '  Na^(AlCl)Al^(SiO^)_, 

Phvs.  Chab.  Crystals  are  usually  dodecahedrons,  but  morf 
commonly  without  crystal  faces  in  embedded  grains;  also  in  concentric 
nodules.  Is  an  alteration  product  from  eleolite.  Cleavage  dodecahedral 
HO  indistinct,  generally  invisible  in  thin  section.  Twinning  with  twin- 
ning plane  iii  not  common.  Fracture  conchoidal.  H.  =  5.-6.  G.  =12.14- 
2.4.  Fusible  at  3.5-4.  to  a  colorless  glass.  In  boiling  water  the  powdered 
mineral  yields  NaCI.  Soluble  even  in  acelic  acid,  with  separation  of 
gelatinous  silica. 

Opt.  Prof.  Isotropic;  sometimes  weakly  birefringent  about 
inclusions.  The  index  of  refraction  varies  slightly  with  variations  in  the 
precise  composition. 

«  =  1.4827- 14868 

Colorless,  gray,  yellow,  blue,  greenish,  pale  red.  In  thin  sec- 
tion colorless,  yellow,  blue,  pink. 

Alter.  Alteration  is  common.  The  mineral  may  change  to 
a  fibrous  mass  of  zeolites  (natrolite,  hydronephelite,  etc.),  or  to  a  lamel- 
lar aggregate  of  a  micaceous  mineral  (muscovite,  hydra lyillite.  diaspore). 
Also  it  may  change  to  cancrinite,  to  garnet,  or  to  a  fibrous  amorphous  sub- 
stance of  a  pink  or  a  brown  color.  The  alteration  of  the  mineral  is  often 
accompanied  by  the  formation  of  calcite  and  limonite. 

Occur.  Found  only  in  eruptive  rocks  rich  in  soda,  or,  rarely, 
in  limestones,  etc.  modified  by  such  rocks.  It  often  accompanies  nephdine 
IB  pbonolttes  and  theralites. 

DiAC.  The  minerals  of  the  sodalite  group  are  distingfoished 
from  all  other  monorefringent  substances  (except  volcanic  glass,  fluorite, 
leucite  and  analcite)  by  their  very  low  refractive  index.  They  are  dis- 
tinguished from  these  substances  by  their  form,  cleavage,  absence  erf 
twinning  structure,  and  chemical  reactions.  The  minerals  of  the  sodalite 
group  are   distinguished  one  "from   another  by  the   following   test:    the 
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mineral  is  covertd  on  a  glass  slide  by  a  tittle  nitric  acid  which  is  allowed 
to  evaporate  slowly;  in  a  short  time  crystals  of  sodium  chloride  may  form 
(sodalite),  or  crystals  of  gypsum  may  form  (haiiynite);  if  neither  of 
these  crystals  form  before,  but  both  form  after  the  addition  of  a  little 
CaCl,  we  have  noselite.  Lazurite  is  distinguished  from  the  other  three 
minerals  of  the  group  by  the  evolution  of  hydrogen  sulphide,  when  thtis 
attacked,  which  will  blacken  silver  filings.  It  ii  funher  distinguished  by 
its  mode  of  occurrence,  which  is  as  a  contact  mineral  in  limestone. 

NOSELITE. 

IsoMETOic  Na,(Al  ■  NaS0,)Alj(SiO,), 

Phys.    Chab.    Similar    to    sodalite.     H.  =  5.5.     G.  =  2.25-3.4. 

Fusible  at  s  to  a  white  glass.    Easily  soluble  in  acids  with  separation  of 

gelatinous  silica. 

Opt.  Fkop.    Nearly  always  monorefringent,  but  optic  anomalies 

occur,  which  seem  to  have  some  connection  with  the  presence  of  inclu- 

n=I.48iS-M96s 

Colorless,  white,  gray,  lavender  blue,  on  account  of  alterations 
and  inclusions,  yellowish,  brown,  red,  or  black.  In  (hin  section  the  blue 
color  is  sometimes  very  bright ;  it  is  usually  irregularly  distributed  in 
the  midst  of  colorless  or  paler  colored  portions. 

Incl.  Microscopic  inclusions  are  often  abundant.  They  may 
be  gaseous,  liquid,  vitreous,  or  crystalline.  They  are  sometimes  irregu- 
larly arranged  in  zones  or  alon^  certain  axes.  The  crystalline  inclusions 
may  be  magnetite  or  ilmenite,  often  with  definite  orientation,  and  some- 
times extremely  abundant. 

Atles.  Alteration  products  are  similar  to  those  of  sodalite. 
The  ferriferous  inclusions  may  also  alter  to  limonite,  and  thus  color  the 
mineral  in  mass  a  yellow  or  brown. 

OccuK.  Found  exclusively  in  phonoliles,  certain  leucite  rocks. 
and  similar  igneous  types. 

E>iAG.    See  sodalite. 

HAUYNITE. 

Isometric  (Na,.Ca)j(AI- NaSO,)  Alj{SiO,), 

Phys.  Char.  Similar  to  sodalite.  H.  —  5.5-6.  G.  ^  24-2.5. 
Fusible  at  4.5  to  a  white  glass.  Easily  soluble  in  acids  with  separation 
of  gelatinous  silica. 

Opt.  Prop,  Optic  anomalies  rare ;  they  seem  to  have  some  con- 
nection with  the  presence  of  inclusions.  The  index  of  refraction  varies 
directly  with  the  percentage  of  CaO. 

n  =  1.4930 -1.5090 

Usually  blue.  Also  green,  or,  by  alteration,  yellow  to  red. 
Inclusions  may  produce  a  gray  to  WacW  color.  In  thin  section  the  blue 
coloraticHi  is  sometimes  very  bright ;  it   is   usually  irregularly  distributed. 

Incl,  and  Alter,    Similar  to  noselite. 

Occur.    Found  exclusively  in  phonoHtes,  theraliles,  and  related 
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igneous  rocks  usually  associated  with  nepheline  and  leucke. 
DiAc.    See  sodalite. 

LAZURITE. 

Isometric  (Na,,Ca)j[Al(NaS,,NaSOj,Cl)]  Alj{SiO^), 

pHVS.  Chad.  Similar  to  sodalite.  In  dodecahedrons  or  cubes, 
or  in  compact  masses.  H.  =  S-S.S-  G.  —  3.38-3.45.  Fusible  at  3  to  a 
white  glass.  Easily  soluble  in  acids  with  separation  of  gelatinous  silica 
and  evolution  of  hydrogen   sulphide. 

Opt.  Prop.  Opiic  anomalies  rare;  usually  monorefringent.  In- 
dex of  refraction  very  near  that  of  haiiynile. 

Color  blue  both  in  mass  and  in  thin  section. 

Occur.  Found  exclusively  in  crystalline  limestones,  appar- 
ently always  due  to  contact  metamorphism. 

DiAG.    See  sodalite. 

SODA  NITER. 

RHoUBOBEDRAt  c  =  0.828  NaNOji 

Phys.  Char.  Crystals  rhombohedral,  rare ;  massive,  encrust- 
ing. Cleavage  perfect  ||  lofi.  H.  —  1.5-2.  G.  =  2.24-2.29.  Deflagrates 
on  charcoal  with  yellow  flame.  Deliquescent.  Soluble  in  H,0.  Taste  cool- 
ing. 

Opt.    Prop.     Uniaxial    and    negative.      Birefringence    extremely 

ng=I.58?4    np  =  ij36i 
n,  —  np  =  0.2513 
Color  while,  or  colored   yellow,   brown,  or  gray  by   impurities. 
Luster  vitreous.    Colorless  in  section. 

Occur.  Found  with  gypsum,  halite,  glauberite,  etc.,  as  a  sur- 
face formation  in  arid  regions, 

SPANGOLITE. 

RH0.WBOHEMAL  c  =  2.011  Cu,(OH)„(AICI)SO^-|-3HjO 

Phvs.  Char.  Crystals  tabular  ||  oooi  to  short  prismatic 
horiiontally  striated.  Cleavage  perfect  1 1  0001.  H.  =  2.-3.  G.  ^=  3,14. 
Fusible  at  3  with  green   flame.     Soluble  in  dilute  acids. 

Opt.  Prop.  Uniaxial  and  negative.  Rcfringence  high ;  bire- 
fringence strong. 

ng=i.6M    «,  =  1.641 
fig  — «P  =  0.053 

Color  dark  green.  Luster  vitreous,  Pleochroism  weak  with  Z 
green  and  X  bluish  green. 

Occur.    Found  with  cuprite  and  azurite.     Very  rare. 

SPESSARTITE,  see  garnet  group, 

SPHALERITE. 

Isometric  ZnS 

Phys.    Char.      Crystals    tetrahedral,   btit   often    much 
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modified  and  complex.  Commonly  massive  cleavable.  Also 
granular,  foliated,  fibrous;  rarely  pulverulent.  Twinning  on  iii 
simple  or  multiple.  Cleavage  perfect  ||  IIO.  H.  =;  3,5-4.  G.  = 
3.9-4.1.  Difficultly  fusible.   Soluble  in  HO  with  evolution  of  H,S. 

Opt.  Prop.  Isotropic;  rarely  anisotropic,  probably  on 
account  of  strain,  since  anisotropic  areas  are  easily  produced  by 
pressure  with  a  pin  point  on  a  section.  Refringence  extremely 
high,  n  ^  2.3693.  Color  brown,  black,  yellow ;  rarely  green,  red. 
white,  colorless.  Streak  paler.  In  thin  section  colored  varieties 
often  show  zonal  distribution  of  the  color.    Luster  resinous. 

Alter,  Sphalerite  alters  by  weathering  to  goslarite, 
smithsontte,  calamine,  and  sometimes  limonite. 

Occur.  Sphalerite  is  found  abundantly  in  veins,  less 
commonly  disseminated  in  sedimentary  rocks.  It  is  quite  con- 
stantly associated  with  galena ;  also  often  with  chalcopyrite,  tetra- 
hcdrite,  calcite,  dolomite,  siderite,  fluorite,  barite. 

Spinel  Group. 

.  The  minerals  of  the  spinel  group  are  aluminates,  fer- 
rates, chromates,  etc.  of  magnesium,  iron,  zinc,  or  manganese. 
The  minerals  pf  the  group  crystallize  in  the  isometric  system ; 
"optic  anomalies"  are  unknown  in  them.  They  occur  commonly  in 
rounded  grains  without  distinct  cleavage.  Crystals  are  usually 
octahedrons,  less  commonly  dodecahedrons,  or  modified  forms  of 
these  types.  Twinning  on  iii  is  not  rare,  that  is,  according  to 
the  "spinel  law."  H.  =  5-5-8.  G.  —  3.5-5.5.  AH  colors  are 
found.  The  more  important  species  of  the  group  are : 
Spinel  MgAljO^ 

Ptcotite  <  Mg.Fe)  { Al,Fe,Cr)  ^O, 


Gahnite 

ZnAI^O^ 

Hercynite 

FeAl  0 

Chromite 

FeCr^O, 

Ma  petite 

FeFe,0, 

Franklinite 

(Fe,Zn,Mn)(Fe,Mn)jO 

Jacobs!  te 

(Mn,Mg)  (Fe.Mn)  0 

MgFe,0^ 

SPINEL. 

Isometric  "  MgAljO, 

Phys.  Char.  Crystals  octahedrons ;  sometimes  modified. 
Also  in  grains.  Twinning  on  iii  sometimes  polysynthetic 
Cleavage  imperfect  1 1  1 1 1.  Fracture  conchoidal.  H.  —  8.  G.  = 
3'5-3-7;  4- -4-1  in  picotite.     Infusible.  Slowly  soluble  in  HjSO.. 
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Opt,  Prop.    Strictly  isotropic  in  thin  section.    Index  of 
refraction  high,  varying  with  the  composition  and  depth  of  color. 
«  ^1.71-1.73 

Color  red,  blue,  green,  yellow,  brown,  black,  rarely 
nearly  white.  In  thin  section  lighter  shades.  Not  plecx:hroic 
The  variety  pleonaste,  which  contains  iron,  is  usually  green,  and 
picotitc,  which  contains  iron  and  chromium,  is  dark  yellowish 
brown  to  greenish  brown. 

-  Alter.  Usually  unaltered  even  in  much  disintegrated 
i-ocks.  It  has  been  found  changed  to  muscovite,  to  steatite,  to 
serpentine,  and  to  hydrotalcite. 

Occur.  Spinel  proper,  which  is  the  pure  magnesian 
variety,  is  red,  blue,  pale  green,  or  colorless,  and  occurs  chiefly  in 
crystalline  limestones  and  schists.  Pleonute  has  been  found 
associated  with  magnetite  in  igneous  rocks,  but  is  common  in 
crystalline  limestones  and  schists;  also  in  zone  of  contact  meta- 
morphism.  Picotite  is  related  to  chromite  and  occurs  in  basic 
igneous  rocks,  and  in  <Ierived  rocks ;  it  is  also  known  in  crystalline 
schists. 

DiAG.  Distinguished  from  garnet  by  its  octahedral  form 
and  by  the  absence  of  silica.  Picotite  has  lighter  color,  lower 
density,  and  greater  hardness  than  chromite.  Pleonaste  resembles 
hercynite  but  has  lower  density  and  abundant  magnesia. 

GAHNITE.    . 

Isometric  ZnAl^O, 

Phvs,  Chail  Crystals  octahedral ;  less  commonly  dodecahe- 
dral  or  moditied  cubes.  Twinning  plane  iii.  Cleavage  indistinct  [|  ill. 
Fracture  conchoidal.  H.  =  ?.5-8.  G.  ^i^  4.-4.6.  Infusible.  Slowly  solubl; 
in  HjSO^. 

Opt.  Pfop.  Isotropic  and  not  pleochroic.  Index  of  refraction 
hiirh.  H  =  1.765 

Color  green  to  black;  rarely  yellowish  or  grayish  brown.  Streak 
grayish.     In  thin  section  lighter  shades. 

Occur.    Rare;  found  in  crystalline  schists  and  :n  veins. 

DiAG.  Distinguished  from  garnet  by  its  usual  octahedral  form 
and  by  the  absence  of  silica ;  only  distinguishable  from  other  green  and 
brown  spinels  by  associated  zinc  minerals  and  by  chemical  composition. 

HERCYNITE. 

Isometric  FeAljO, 

Phys.    Chad.    Found   in    fine   granular   masses.     H.  1=  7.5-8. 

G.  =  3.9i-3.95.  Infusible.  Partly  fusible  with  soda  to  olive  green  mass. 
Opt.  Prop.  Isotropic  in  thin  section.  Index  of  refraction  high. 
n  =  1.749 
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Color  black.    Streak  green.    In  thin  s 


r-  green  without  pleo- 

:t  metamorphic  rocks 


DiAG.    Distinguished    from   pleonaste   t^   greater    density   and 
more  abundant  iron. 


CHROUITE. 


Isometric 


)  opaque. 


>   metallic. 


al   in   basic   igneous   rock's, 
found  in  crystalline  schists 


FeCfjO^ 

Phys,  Chak.  Crystals  rare.  Octahedrons,  sometimes  modified. 
Usually  massive,  granular.  Cleavage  unknown.  Fracture  uneven.  H.  =: 
5.5.  G.  =  4.32-4.57-  Infusible  except  in  reducing  flame  where  it  is  fu- 
sible at  6,  and  becomes  magnetic.    Insoluble. 

Opt.  Pkop.    Isotropic.     In  thin  section  translucent 
Index  of  refraction  high. 

n  =  2X)695 

Color   black.      Streak   brown.      Luster    submetallic 

In  extremely  thin  flakes  brown,  reddish  brown,  yellowish  red.    Not  p\< 

OccuB.  Found  as  a  primary 
and  in  derived  rocks,  such  as  serpentine. 
and  in  dolomite.    It  occurs,  further,  in  st 

DiAG.  Closely  resembles  picolite,  which  has  a  lighter  color, 
a  lower  specific  gravity,  and  greater  hardness.  Distinguished  from  mag- 
netite by  absence  of  blue-black  luster  and  of  strong  magnetism. 

MAGNETITE. 

Isometric  FeFcjO^ 

CoMP.  Magnetite  varies  in  composition  through  rather 
wide  limits;  not  only  may  the  ferrous  iron  be  replaced  by  more 
or  less  Mg',  Mn,  more  rarely  Ni,  but  the  ferric  iron  may  be 
replaced  by  more  or  less  Al,  Mn,  or  small  amounts  of  Cr,  V. 
Again,  TiO,  may  be  present  in  notable  amount.  Finally.  Ihe 
ratio  between  FeO  and  Fe,Oj  is  normally  1:1,  but  the  FcjOj  may 
increase  till  the  ratio  becomes  i  :  2, 
or  I  :  3,  or  even  i  :  4. 

Phys.  Char.  Crystals  com- 
monly octahedrons ;  also  dodecahe- 
drons more  or  less  modified;,  cube.s 
quite  rare.  Also  massive,  laminated 
or  granular.  Twinning  plane  in. 
sometimes  in  polysynthetic  lamelltC. 
Qeavage  indistinct ;  parting  octahe- 
dral often  well  developed.     Strongly 
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magnetic;  sometimes  lias  polarity.  H.  =  5.5-6,5,  G.  =  5.17- 
5.18.  Fusible  at  6.  Demagnetized  by  the  oxidizing  flame.  Sol- 
uble in  HCI. 

Opt.  Prop.  Opaque  in  all  artificial  sections.  Isotropic. 
Index  of  refraction  high. 

Color  iron  black.  Streak  black.  Luster  metallic  to  sub- 
ffletallic.  In  extremely  thin  flakes  between  cleavage  lamellae  of 
mica  it  is  translucent  and  pale  brown  to  black.  It  is  of  a  blue- 
black  color  in  reflected  light. 

Alter,  Magnetite  alters  to  hematite,  Hmonite  or  sider- 
ite. 

Incl.  Apatite  and  zircon  occur  as  inclusions  in  magne- 
tite in  some  igneous  rocks.  By  dissolving  the  enclosing  magne- 
tite ilmenite  has  been  found  within  so  oriented  that  the  trigonal 
axes  of  the  two  minerals  are  parallel.  In  other  cases  rutile 
needles,  have  been  found  lying  parallel  with  the  octahedral  edges. 

Occur.  Magnetite  is  very  widespread  in  its  occurrence 
in  igneous  and  metamorphic  rocks.  It  is  found  sparingly  in  acid 
rocks,  but  quite  abundantly  in  some  basic  types,  even  forming 
masses  of  commercial  importance  associated  with  basic  igneous 
rocks.  Similar  masses  are  sometimes  formed  by  metamorphism 
of  deposits  of  limonite  and  hematite.  It  is  one  of  the  earliest 
minerals  to  solidify  from  magmas,  associated  in  time  with  apatite 
and  zircon,  and  commonly  enclosed  in  the  ferromagnesian  sili- 
cates. Recrystallization  of  augite  at  high  temperature  results  in 
paraniorphs  of  hornblende  and  biotite  with  borders  of  magnetite ; 
deavage  lines  of  the  transformed  pyroxene  may  be  marked  also 
by  magnetite. 

DiAG.  Magnetite  is  distinguished  from  hematite  and 
chromite  by  its  blue-black  color  in  reflected  light.  It  is  distin- 
guished from  graphite  by  its  crystal  form,  hardness,  and  usually 
better  metallic  luster.  It  is  distinguished  from  ilmenite  by  its 
crystal  form,  strong  magnetism,  and  ready  solubility  in  HQ. 
Ilmenite  alters  to  leucoxene,  but  this  may  also  develop  from  titan- 
iferous  magnetite. 

PRANKLINITE. 

Isometric  (Fe.Zn.Mn)  (Fe,Mn),0, 

Phyb.  Chak.  Crystals  octahedral,  often  rounded;  also  gran- 
ular. Parting  octahedral.  Slightly'  magnetic.  H.  =  5-S-6.5-  G.  =  507- 
5.22.    Infusible.    Reacts  for  Mn  and  Zn.     Soluble  in  HQ. 

Opt.   Prop.     Opaque  in  ihin  section.     Index  of  refraction  high. 
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Color  iron  black.  Streak  dark  reddish  brown  or  black.  Luster 
nietallic. 

Occur.  Franklinilc  occurs  in  calcite  associated  with  zinc  and 
manganese  minerals  at  Franklin  furnace,  N.  J.,  and  elsewhere ;  rare.  The 
variety  jBColwiU  (Mn.Mg)  (Fe.Mnjj^O,,  with  G.  =  4-7S.  blackish  brown 
color  and  brilliant  luster,  is  found  in  crystalline  limestone  in  Sweden. 

DlAG,  Only  dislineuished  from  magnetite  by  associated  min- 
erals, less  magnetism,  streak,  and  chemical  tests  for  Mn  and  Zn. 


HAGNESIOFERRITE. 


MgFCjO, 


e  and  modified  octahedro 
Kctioti.     Index  of  refraction  hi)(h. 


Isometric 

Phvs.  Char.    Crystals  s 
0.-6-5.    G.  =  4.57-4.68. 

Opi.   Prop.     Opaque  in  thin  sect! 
Color  and   streak   black.     Luster  metallic. 

Occur.    Found    associated    with    crystals    of    hematite    abou: 
fumaroles;  rare. 

Di.AG.    Only    distinguished    from   magnetite   by    chemical    tests 
for  Mg, 

SPODUHENE,  see  pyroxene  group. 

STAUROLITE. 
Ortii.  (i:&;c::  0.4723:  1:0.6807  Fe{A10H)(A10).(SiO,)5? 
Phys.  Ch.^r,  Crystals  short  prisms  with  base  and 
brachypinacoid.  Anhedral  forms  rare.  Cruciform  twins  com- 
mon, the  twinning  plane  either  032  resulting  in  nearly  rectangtilar 
crosses,  or  232  giving  a  cross  with  an  angle  of  60°  31'.  Cleavage 
distinct  |]  010,  in  traces  t|  110.  H.  =  7.-7.5.  G.  =  3.65-3.75. 
Infusible.     Slowly  attacked  by  H^SO,,    Insoluble  in  cold  HF. 


Opt,  Prop.  The  plane  of  the  op- 
tic axes  is  parallel  to  100;  the  positive 
acute  bisectrix  is  normal  to  001.  The  refrin- 
gence  is  high,  but  the  birefringence  is  not 
strong.  The  angle  of  the  optic  axes  varies 
from  88°  30'  to  about  90°.  The  axial  dis- 
persion is  weak  with  p>v.  The  angle  of 
the  optic  axes  decreases  with  increase  of 
temperature. 

(+)2P'  =  88''46' 

n,  =  1.746    «„  =  I.741     »ip  —  1.736 

«,  —  np  =  0.010  to  0.015 

Color    dark     reddish     brown     to 

brownish     black     and     yellowish     brown. 


STAUROLITt 


"1!. 

1 
1 
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Streak  nncolored  to  gray.     Luster  subvitreous.     Pleochroism  is 
always  visible  in  thin  section,  but  the  intensity  is  variable,  and 
greater  around  inclusions.    The  absorption  is  Z>'Y>X. 
Z  =  golden  yellow 
Y  ^  pale  yellbw 
X  :^  colorless 

Incl.  Staurolite  very  frequently  contains  abundant  in- 
clusions of  quartz  in  anhedral  forms;  inclusions  of  rutile,  tour- 
maline, garnet,  etc.  also  occur.  In  the  limestones  it  is  sometimes 
filled  with  carbonaceous  inclusions;  these  are  rarely  found  regu- 
larly arranged,  as  in  chiastolite. 

Alter.  Staurolite  alters  to  a  green  mica  of  rather  large 
optic  angle.     It  also  changes  to  chlorite. 

Occur.  Staurolite  occurs  in  crystalline  schists,  espe- 
cially mica  schists  and  phyllites.  Its  common  associates  are  gar- 
net, cyanite,  andalusite,  and  sillimanite. 

DiAG.  In  thin  section  staurolite  is  characterized  by 
.strong  pleochroism  in  golden  yellow  tints  with  maximum  absorp- 
tion parallel  with  the  positive  elongation,  together  with  parallel 
extinction  and  weak  birefringence.  The  crystal  forms  and  twins 
are  also  quite  characteristic. 

STIBI OTANTALITE. 

Orthobhombic  a -.b-.c::  0.7995-  1:0-8448  (SbO)j{Ta,Nb)jO^ 

Phvs.  Char,  Crystals  of  varied  habit,  often  flattened  |!  100; 
sometimes  hemihedral.  Cleavage  very  perfect  |{  lc»,  indistinct  ||  010. 
H.  =^  5.-5.5.  G.  :=  6.-7.4,  varying  with  varying  percentage  of  Ta  and  Nb 
present.     Fusible  at  4.     Insoluble,  except  in  HF. 

Opt.  Prop,  The  optic  plane  is  parallel  to  lOO;  the  acute  bi- 
sectrix Z  is  norma!  to  001.  The  refringence  is  extremely  high;  the  dis- 
persion p  <  w  is  strong,  increasing  with  increase  of  Nb. 

Ta,Oj  39%  1X0,  22.5% 


Color  dark  brown.  Luster  brilliant,  resinous  to  adamantine. 
Resembles   6ome  sphalerite  very  closely. 

Occur.    Found    in    pegmatite    with    tourmaline,    beryl,    quartz, 

Columbite  f Fe(Ta.NbljOJ  is  isomorphous  with  stibioUnta- 
lite,  with  a:  6:  c:  10.8285: 1:0.889?;  holohedral;  crystals  short  prismatic. 
or  tabular  1|  loo:  massive.  Cleavage  distinct  ||  100,  indistinct  ]]  010. 
H.  —  6,     G,  =  5-3-7-3p  varying  with  composition.     Infusible.     Nearly  in- 
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soluble.  Usually  opaqtie,  sometimes  reddish  brown  and  translucent  Color 
iron  black  to  gTa3'ish  or  brownish  black,  often  iridescent.  Streak  dark 
red  to  black.  Luster  often  brilliant.  Found  chiefly  in  pegmatite,  often 
iwith  wolframite,  beryl,  feldspar,  cassiterite,  etc 

STIBNITE. 

Orthohhombic  a:b:  c::  0.993:  i :  1.018  SbjSj 

Phys.  Char.  Crystals  long  prismatic,  vertically  striated, 
often  in  acicular  radiating  groups ;  massive,  columnar,  granular. 
Oeavage  perfect  [|  010,  imperfect  ||  100  and  no;  gliding  plane 
001.    H.  =  2.    G.  —  4.52-4.62.    Fusible  at  i.    Soluble  in  HO. 

Opt.  Prop,  Nearly  opaque,  but  translucent  to  red  and 
infra  red  rays ;  in  such  light  the  optic  plane  is  parallel  to  100,  the 
negative  acute  bisectrix  is  normal  to  001,  the  optic  angle  is  small, 
the  refringence  extremely  high,  the  birefringence  extremely 
strong,  and  the  dispersion  extreme. 

(— )  2^-25"  45' 

««  =  4-303      Mm  =  4046      «,  =  3194 
Pt Wp=  IIO9 

Color  and  streak  steel  gray,  subject  to  black  tarnish. 
Luster  metallic,  often  splendent. 

Alter.  Oxidation  of  stibnite  produces  kermesite  or 
Valentin  ite. 

Occur.  Found  commonly  in  veins  with  sphalerite, 
galena,  cinnabar,  barite,  quartz,  etc.  Also  found  disseminated  in 
linriestone, 

STILBITE,  see  zeolite  group. 

STOKESITE. 

OirrHoHHoMBic  alb:  cr. 0.34^ ■■  1:0.803  H^Ca{Si,Sn)^0,, 

Phys.  Char.  Crystals  pyramidal,  resembling  gypsum.  Cleav- 
age perfect  II  110.  imperfect  ||  oio.    H.  —  6.    G.  — 3.185. 

Opt.  Piop.  The  optic  plane  is  parallel  to  010;  the  acute  bisec- 
trix Z  is  normal  to  001.     Dispersion  p<v.     Colorless. 

tg^^  1.619    "01=  •-6125     »p^  1.609 

Occult.    Found  with  axinite  in  Cornwall.     Very  rare. 

STRUVITE. 

OBTnoRHOUBic  a:b:e: : 0.566:  i : 0,912 

Phys.   Chab.     Crystals   hemimorphic, 
ning  on  001.     Cleavage  perfect   |1  001,  imperfect   ||  < 
T.65-1.7.    Easily  fusible  with  green  flaine.    Soluble. 
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trix  Z  is 


Opt.  Prop,    The  optic  plan 
normal  to  oio.    Optic  angle 


s  parallel  to  ooi ;  the  acute  bisec- 
newhat  variable:  dispersion  p^v 


(+)  2E  =  42°-6o°,  usually  60°  ± 


Colorless',  yellowish,  brown 
Occur.    Found  especially  i: 


guano ;  easily  produced  artificially. 


SULPHUR 


^SULPHOBORITE,  see  kicserite. 
SULPHUR. 

Orthorhombic  a:h:c.:  0.813 :  i :  1.903  S 

Phys.  Char.     Crystals  usually  pyramidal;  also  thick 

tabular,  or  modified.    Massive,  stalactitic,  pulverulent,  encrusting. 

Twinning  on  101  sometimes  interpenetrated;  also  on  no  or  on 

rare.     Qeavage  imperfect   ||   001,   no  and   iii.     H.=  1.5-2.5. 

G.  =  2.05-2.09.    Melts  at  108°  C.  and  burns  at  270°  C.    Insoluble 

in  acids;  soluble  in  CS„. 

Opt.  Prop.  The  optic  plane  is  parallel  to  010 ;  the  acute 

bisectrix  Z   is  normal  to  001.     Refrin- 

gence  very  high ;  birefringence  extremely 

strong.     Optic   angle   large ;   dispersion 

P<v. 

{  +  )  2F-69''  5' 

«g  —  2,2405       «m  =  2.0383       «p  =  1-9505 
"l  —  «P  —  0.290 

Color  yellow ;  rarely  brownish, 
greenish,  grayish.  Streak  white.  Luster 
resinous. 

Alter.  Sulphur  oxidizes  slow- 
ly to  sulphurous  and  sulphuric  acids 
which  yield  sulphates. 

Occur.      Found    especially    in 

deposits  of  gypsum ;  also  abundant  about 

volcanoes.     Less   abundant   in   coal   de-  FiKure  m. 

,        ,         ,  Optica]    orientH,tlon   o 

posits,  vems,  etc.,  as  a  result  of  reduc-  auiphur. 

tion  of  sulphides  or  sulphates.    Deposited  by  some  hot  springs. 


z,. 
X      \/ 
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SYLVITE,    see 
SYNADELPHITE, 


SYNGENITE. 

HONOCUKIC  I 


halite    group.      SYMPLESITE,    see    vivianite. 

ee  fliokite.    SYNCHYSITE,  see  parisite. 
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K,Ca<SO^)j  +  HjO 
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.  Pbys.  Chak.  Crystals  prisnutic,  flaUened  ||  loo.  Twinning 
on  100.  Cleavage  perfect  ||  no  and  loa  H,  =  2.s.  G.^2.6.  Melts 
over  Bunsen  burner  with  violet  flame.    Partly  soluble  in  H.O. 

Opt.  Prop.  The  optic  plane  and  the  obtuse  bisectrix  Z  are 
normal  to  010;  Xac=+S7°.     Dispersion  p^v  marked.     Colorless  to 

",=  1-5183    »„=i.Si7o    np  =  i.sooo 
»», — »p  =  0.0183 
Occus.    Found  in  salt  mines  with  halite,  gypsum  and  anhy- 
drite.    Rare. 

TALC. 

Orthorhombic  or  monocunic  (?)  HjMg,(SiO,), 

Axial  ratio  unknown 

Phys.  Char.  Crystals  unknown  except  rare  tablets 
hexa^nal  or  rhombic  in  outline,  which  may  be  grouped  in 
rosettes.  Usually  in  more  or  less  compact  foliated  masses;  also 
somewhat  granular,  fibrous,  or  cryptocrystalline.  Cleavage  per- 
fect I  {  cot ;  lamina:  flexible  and  elastic.  Percussion  figure  as  in 
the  micas,  but  with  its  lines  perpendicular  to  the  faces  010,  1 10 
and  lio.  Twinning  rare,  producing  pseudocubic  forms,  H.  ^  i. 
G.  =  2.7-2,8,  Fusible  after  whitening  and  exfoliation  at  6  to 
ivhite  enamel.     Insoluble. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to 
100;  the  negative  acute  bisectrix  is  nearly  or  quite  normal  to  001. 


TALC 


Refringence  moderate ;  birefrin- 
gence strong.  The  optic  angle  is 
small,  but  the  apparent  angle  is 
sotnetimes  reduced  even  to  0°  by 
superposition  of  laminx.  Axial 
dispersion  noticeable,  p>i'.  Color- 
less in  thin  section. 

( — )  2E  =  6°  to  40°. 

".=  1-589  Mb=i.589C?)    «p=i539 

n,  —  n^  =  0.050  to  0.035 

Color  pale  green,  white, 
greenish  gray  to  dark  green ; 
reddish  by  alteration.  Luster  pearly. 
Colorless  in  thin  section. 

Occur.  Talc  occurs  most  abundantly  in  crystalline 
schists,  where  it  may  form  rock  masses  (steatite,  or  soapstone) 
with  other  minerals,  as  tremolite,  chlorite,  present  merely  as  im- 


,'.s 


lentation  o(  talc. 


Ciiicjj.CJOOglc 
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purities.  It  is  found  in  other  rocks,  as  serpentine,  chlorite  schist, 
dolomite.  In  basic  igneous  rocks  it  is  an  alteration  product  of 
olivine,  enstatite,  tremolite,  but  is  not  common. 

Thalite*  is  a  related  mitierar  found  in  basic  amygdaloidal  rocks 
of  the  Lake  Superior  region;  analyses  show  43  to  48^SiOj,  S  to  7% 
AljOj,  2.1  to  2.6  Fe,0,,  23.3-24.1  MfO,  0.55-0.81  Na,0  +  KjO,  16  to  20% 
HjO.  It  is  finely  fibrous,  amorphous  in  appearance,  with  H.  ^=  1.5  and 
G.  =  2,20.  Color  while  to  gray.  It  gelatinizes  with  HCl.  Usually  con- 
tains foreign  inclusions.  Optically,  the  mineral  is  distinctly  fibrous,  and 
somewhat  vermicular.  The  sign  of  the  elongation  and  of  the  mineral 
is  positive.    The   extinction    seems  to  be   parallel.    The   optic   angle  K 

DiAG.  Talc  differs  from  pyrophyllite  and  muscovite  in 
its  small  optic  angle ;  it  differs  from  brucite  in  its  sign  and  biaxial 
character,  as  well  as  its  insolubility.  Talc  is  not  readily  distin- 
guished optically  from  damourite  (or  sericite),  but  its  indices  of 
refraction  are  somewhat  lower;  other  distinctions  are  based  on 
hardness  and  chemical  composition. 

TARBUTTITE. 

Thiclinic  o:fc:c::o.9583: 1:1.3204  Znj(OH)PO, 

a  =  102"  37'  p  =  123=  52'  y  =  87°  25' 

Phys.    Char.    Crystals    varied    in    habit,    with    pitjacoids    or 

pyramids   prominent.      Often   in    sheaf-like   aggregates.      Cleavage   perfect 

II  001.     H.  =  3-5-4.     G.=:4-i2.     Soluble  in  dilute  HCl.     Readily  fusible. 

Oft.  Prop.  Tlie  optic  plane  makes  angles  in  001  of  33°  with 
b  and  55°  with  a;  the  acute  bisectrix  X  is  inclined  about  40°  to  a  normal 
to  001  toward  211.  Extinction  in  010  makes  angles  of  25°  with  a  and 
10'  with  c;  in  100  it  makes  angles  of  26°  with  c  and  14"  with  fr.  Re- 
fringence  high;  birefringence  very  strong. 

(— )  2£  =  8o°to5K>'' 
«,>i.7o6    n„=?    «,<i.66s 
",— "p>o.o4i 
Colorless  or  tinted  green  by  copper  or  yellow  or  brown  by  iron. 
Occur.    Found  in  cellular  limonite  in  zinc  ores  in  Rhodesia ; 
also  with  bones ;  rare. 

TELLURITE. 

Orthorhombic  0:6:  c : :  0.457 :  i  '■  0.469  TeO^ 

Phys.   Char.    Crystals  prismatic,  acicular,  or   tabular   ]]    oto 

Also  in  tufts  or  radiated  masses.  Ocavage  perfect  !|  010.    Flexible.  H.  = 

2.    G,  =  5.9.     Fusible.     Sublimes  at  high  temperature. 

Opt.  Prop.     The  optic  plane  is  parallel  to  100;  the  acute  bisec- 
■N.  H.  WInchell.  Amer.  Oeat.  XXIH.  1S99,  p.  O. 
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trii  X  is  normal  lo  010.  Refringence  very  high.  2//^  =  140"  8'.  Color 
white   lo   yellow. 

OccuB.    Found  with  native  tellurium  in  veins.    Very  rare. 

TEPHROITE,  see  olivine  group. 

TETRAHEDRITE. 

IsouETEuc  CujSbjS. 

CoMp.    Arsenic  is  usually  present  and  thus  there  is  a  gradation 

to  tennamilf  (Cu^As^Sj),  which  is  included  in  the  description  following. 
Further,  more  or  less  copper  may  be  replaced  by  iron,  zinc,  silver,  mer- 
cury, lead,  or  rarely  cobalt  or  nickel. 

Phvs.  Char.  Crystals  tetrahedral,  often  modified.  Massive 
granular.  Twinning  on  Iir,  or  rarely  100.  Cleavage  none.  H.  =  3.-4.5. 
G.  =  4-4-S'-     Easily  fusible.     Decomposed  by  HNO^. 

Opt.  Pilop.  Opaqtie  to  translucent.  Color  gray  to  iron  black, 
rarely  purple.  Str:ak  gray  to  brown  or  red.  In  thin  section  bright  red 
10  opaque.     Lusler  metallic,  often  splendent. 

OccLTi.  Found  chiefly  in  veins  with  other  copper  ores,  and 
with  pyrite,  galena,   sphalerite,  and  various  silver  and  gold  ores. 

THALftNITE 

MoNOCLiKic  a:  6:  c::  1.154:1  : 0.602  ^i^*^'»*^is 

,9  =  80"  2' 
Phys.  Char.    Crystals  tabular  ||    loo  or  prismatic.     Cleavage 
absent     H.  =  6.5.     G.  =  4.23. 

Opt.  Prop,  The  optic  plane  and  the  obtuse  bisectrix  Z  are 
normal  to  oio;  the  acute  bi.sectrix  is  nearly  normal  to  100.  Color  flesh 
red. 

(-)  2^  =  67°  35' 
n,  =  1.7436    "„  =  1.7375     «p  =  1.7312 
n,  —  rtj,T=  0.0124 
OccuH.    Found  with  fluocerite  in   Sweden.     Very  rare, 

THAUHASITE. 

Hexagonal         Axial   ratio   unknown  CaCO^- CaSO^- CaSiO,"  I5H,0 

Phvs,  Char.  Prismatic  fibers ;  also  massive,  compact,  crys- 
talline. Cleavage  longitudinal  in  traces.  H.  —  .-J.S.  G.  =  1.877.  Infu- 
sible, but  swells  before  the  blowpipe  and  colors  the  flame  red.  Decrepi- 
tates and  gives  water  in  closed  tube.  Soluble  with  effervescence  in  acids. 
Opt,  Pkop.  Uniaxial  and  negative.  Refringence  quite  low, 
but  birefringence  strong.  Elongation  negative. 
",=  1-507    Hp=i.468 

"<  —  "n  —  °°^'> 
Color  white :  luster  greasy,  dull.     Colorless  in  section. 
Occur.     Rare;   found  as  vein   material   in   eclogite   in   Sweden. 
DiAc.     The   very  low   indices  of  refraction   with   strong  double 
refraction  and  uniaxial  negative  characters  are  quite  distinctive. 
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THENARDITE. 

Ortbobhombic  o:i>:c::o.598:  i:  I.2S3  Na^SO, 

pHYS.  CHA|^  Crystals  pyramidal,  short  prismatic,  or  tabular 
|]  001.  H.  =  2.-3.  G.  =  2.68-2.69.  Gives  yellow  flame  color.  Soluble 
in  HjO. 

Opt,  Pkop.  The  optic  plane  is  parallel  to  001 ;  the  acute  bi- 
sectrix Z  is  normal  to  100.  Optic  angle  very  large;  dispersion  p>i/ 
weak.    Oilor  white. 

(+)    2E^t5i°42-U    (2r  =  83°s'Li) 
».„=  1.470 
OccuB.    Deposited  from  salt  lakes,  often  associated  with  hank- 
lite,  glauberite,  ulexite,  etc     Also  formed  about  volcanoes. 

THOHSENOLITE,  see  cryolite.     THOMSONITE,  see  zeolite 
group.     THORITE,  see  rutite  group. 

TITANITE  (Sphene). 

MoNOCLiNic  a:b:c:i 0.7545 :  i : 0.8543  CaTiSiOj 

)8  =  60°  r/ 

Phys.  Char.  Crystals  often  wedge  shaped  and  flattened 
[|  001,  but  the  forms  are  very  varied.  They  may  be  elongated  |[ 
c,  or  I  [  a,  or  simple  pyramidal  forms.  Sometimes  massive.  Twin- 
ning plane  often  100;  also  221,  in  polysynthetic  lamelUe,  giving 
an  easy  parting.  Cleavage  distinct  1 1  1 10,  diflficult  1 1  looandiia. 
Parting  II  221  dne  to  twinning  lamella.  _  H.  —  5.-5.5.  G.  = 
3.4-3.56,  Fusible  at  3.  Imperfectly  soluble 
in  HCl ;  reacts  for  Ti.  Completely  soluble 
in  H,SO.. 

Opt.   Prop.     The   optic   plane   is 
parallel  to  010 ;  the  positive  acute  bisectrix 
is  nearly  normal  to  102  and  therefore  makes 
an  angle  of  about  51°  with  the  cleavage. 
The  refringence  is  very  high,  and  the  bire- 
fringence extremely  strong.    The  angle  of 
the  optic  axes  is  very  variable,  but  usually   ^ 
small.    The  axial  dispersion  is  very  strong, 
fi>v;  the  inclined  dispersion  is  slight. 
(-\-)  2V  =  2g''  30U    27°Na    24*  37'TI 
{2£  =  32°-88°) 

Hg^  2.0093       «.n—   18940      «p=   1.8879 
«g «p  — O.I2I4 

Color  brown,  yellow,  gray,  green,  Figure  ise. 

rose  red,  black,  often  varying  in  a  single   "P""*  tiunur'""  ' 
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crystal.     Streak  white.     Pleochroism  usually  not  strong  in  thin 
section,  but  deeply  colored  varieties  exhibit  intense  pleochroism, 
and  thick  sections  always  show  change  of  colors,  thus : — 
Z  ^=  salmon   pitik,   pale  yellow,  orange   to  brownish  red. 
Y  —  greenish  pink,  pale  brownish  yellow,  greenish  yellow. 
X  =:  greenish  yellow,  pale  brownish  yellow,  nearly  colorless. 

Incl.  Ripidotite  is  sometimes  found  as  inclusions  in 
titanite ;  these  may  be  grouped  at  the  center  of  the  enclosing  crys- 
tal ;  albite  is  also  found. 

Alter,  Titanite  alters  in  several  ways.  It  may  lose  its 
color,  become  softer,  and  turn  into  a  light  yellow  amorphous  mass 
accompanied  by  calcite.  It  may  be  replaced  by  an  opaque  iron 
oxide  with  more  or  less  ilmenite,  rutile,  octahedrite,  calcite,  etc. 
Rarely,  perovskitc  and  calcite  replace  it ;  in  one  case  brookite 
formed  from  it. 

Occur.  Titanite  is  very  widely  distributed  in  rocks  of 
all  kinds.  It  is  particularly  at  home  in  hornblende  granites. 
syenites  and  diorites  of  the  igneous  rocks;  the  alteration  product 
called  lencoxene,  which  is  supposed  to  be  titanite,  and  is  derived 
from  ilmenite  or  titaniferous  magnetite,  is  common  in  more  basic 
rocks,  Titanite  is  also  common  in  crystalline  schists,  gneiss,  etc. 
It  is  rare  in  sedimentary  rocks.  The  finest  crystals  occur  in  drusy 
cavities. 

Keilhauite  is  a  variety  of  titanite  containing  notable  amounts 
of  ferric  iron,  alumimim,  ytlrium.  and  related  rare  earths.  Crystals  like 
those  of  titanite.  Cleavage  distinct  ||  Hi,  H,  — 6.5.  G.  =  3.52-3.77, 
Fusible  easily  with  intumescence.  Optically  like  titanite  in  all  respects. 
but  optic  angle  larger.  2E  ^  108°  34'.  Found  in  feldspathic  rock  in  Nor- 
way.   Very  rare. 

DiAG.  Titanite  is  characterized  by  its  forms,  its  very 
high  relief,  extreme  birefringence,  positive  sign  and  biaxial  char- 
acter. 

TITANOLIVINE,  see  olivine  group. 

TOPAZ. 

OsTHORHOMBic  o :  b :  c  1 : 0.S285 : 1 : 0,477  [Al(F.OH),lAlSiO, 

Phys.  Chaf,  Crystals  usually  prismatic  often  vertically  stri- 
ated. In  rocks  usually  in  parallel  or  divergent  groups  of  prisms.  Also 
KTanular.  Qeavage  highly  perfect  ||  ooi ;  difficult  ||  20i  and  021.  H,  ^ 
8,  G,  =  3-S32-3-S74,  decreasing  with  increase  of  hydroxyl  present*.  In- 
fusible.    Only  slightly  attacked  by  H,SO^, 

"  Opt,  Pbop,    The  plane  of  the  optic  axes  is  parallel  to  010;  the 
positive  acute  bisectrix  is  normal  to  001,  the  cleavage.    The  birefringence 

■  Penfleld  and  Minor,  imer.  Jour.  Bci.  1S94    Xl.Vn,  p.  3ST. 
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e  way.    The  indices  of  refraction  increase  with  increase 
of  hydroxy].     The  angle  of  the  optic  axes  varies,  decreasing  v 


of  hydroxyl  present.' 


Axial  dispersion  dislinct  with  p>w. 

Adun  Schneck-  MInaS 


Utah 

enatein 

2e  =  125''53' 

Ii8°46' 

114''28' 

84=28' 

n,=  1.6176 

1.6225 

1.6250 

1.6375 

n„=  1.6104 

1.6160 

I.6181 

1.6308 

M,  =  1.6072 

1-6133 

1-6155 

1.6294 

-  Hj,  =  0.0104 

0.0092 

0.0095 

0.0081 

,0  =  0.19 

0.58 

0.93 

2-45 

G.  ^  3-565 

3-562 

3.555 

3-532 

=^ 

i  = 

m 

W 

"  "IZ 

=^ 

^^^- 

Colorless,    yellow,    white,    grayish,    greenish, 
bluish,  reddish.     Colorless  in  thin  section. 

Incl.  Topaz  often  contains  abundant  liquid 
inclusions,  which  have  been  considered  to  be  water  and 
carbon  dioxide;  Nordenskjold  finds  instances  of  a 
liquid  believed  to  be  a  carbide  of  hydrogen.  These 
liquids  often  contain  minute  crystals  of  unknown  com- 
position. Other  inclusions  in  topaz 
and  hematite. 

Alter.    Topaz  may  alter  10  kaolinite  or  to  damourite. 

Occur.  Topaz  occurs  especially  in  zones  of  contact  metamorph- 
ism,  and  in  pegmatite.  It  is  commonly  associated  with  cassiterite,  llourite. 
tourmaline,  beryl,  etc.    It  also  occurs  in  cavities  in  rhyohte,  with  spessartite. 

DiAC.  Topaz  is  distinguished  from  andalusite  by  its  cleavage 
and  its  smaller  optic  angle,  from  sillimanite  by  its  weaker  birefringence. 
different  cleavage  direction,  higher  relief,  and  l»axial  character ;  and  from 
orthoclase  by  its  higher  relief,  absence  or  rarity  of  twinning  and  extinc- 
tion parallel  with  the  cleavage. 

TORBEENITE. 

Tetbaconal  c  =  2,936  Cu(UOj)j(PO^),  +  8H,0 

pHvs.  CuAB,  Crystals  usually  square  basal  tablets;  sometimes 
pyramidal.  Also  in  foliated  aggregates.  Cleavage  perfect  ||  001.  H.  =- 
2.-2.5.  G.  — 34-3.6.  Fusible  at  2.5  with  green  flame  color.  Soluble  in 
HNO3. 

OiT.  Prop.  Uniaxial  and  negative.  Refringence;  n,  — 1.592, 
Bji  —  i.sSa;  Hg  — Up  — o.oio.     Color  light  to  dark  green;  streak  paler. 

Occur.    Found  tn  veins  in  schists  and  granites^    Rare. 

Zeunerite    [Cu(U0j)„(AsO,), -|- 8HjO]    is  closely  related  to  . 
torbcrnite.  with  iT  =  2.913.  Crystals  like  torbernite.  Cleavage  perfect  ||  ooi, 
distinct   II   100.     H.  =  2.-2.5.     G--3-2.     Soluble  in  HNO,.     Uniaxial  and 
negative.      Refringence,   « =  1.64.      Color   apple   green   to   emerald    green. 
Found  on  quartz  with  copper  ores.     Very  rare, 

•  Pcnfleld   and  Mltior.    .imci-.   Jnvr.    Scl.    1S94.  XI.VII.  p.  387. 
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TOURMALINE. 


Hexagonal  c  =  0.44767  RsSiOj  ? 

CoMP.  Tourmaline  is  a  mineral  of  complex  composition 
and  its  precise  formula  is  still  a  matter  of  discussion.  The  de- 
tailed formulas  proposed  by  various  authors  do  not  harmonize, 
but  they  all  vary  little  in  their  simplest  terms  from  that  given 
above,  in  which  R  represents  variable  proportions  of  At  and  B, 
with  also  either  magnesium,  iron,  or  an  alkali  metal ;  basic  hydro- 
gen or  hydroxyl  and  fluorine  are  also  present  nearly  always.  The 
variations  lead  to  three  chief  types,  briefly  described  as  alkali 
tourmaline,  iron  tourmaline,  and  magnesium  tourmaline.  A 
chromium  variety  is  also  known. 

Phys.  Char.  Crystals  usually  prismatic  more  or  less 
elongated,  but  also  rarely  so  short  as  to  be  lenticular.  Vertical 
faces  often  deeply  striated  vertically.  Commonly  hemimorphic. 
Also  found  in  crystalline  aggregates,  often  in  radiating  groups. 
Twinning  rare.  Cleavage  difficult  ||  ii2o  and  loTi.  Brittle. 
H.  :=  7.-7.5.  G.  —  2.9-3.2.  Magnesium  tourmaline  fuses  rather 
easily  to  a  white  or  gray  blebby  slag  or  glass;  iron  tourmaline 
fuses  with  difficulty  to  a  dark  slag;  the  alkali  tourmaline  is 
usually  infusible.  Insoluble  even  in  HF,  After  fusion  gelatinizes 
with  HQ. 

Opt.  Prop.  Tourmaline  is  uniaxial  and  negative.  Re- 
fringence  medium  and  birefringence  moderate.  According  to 
Lacroix  of  the  three  common  varieties  lithium  tourmaline  has  the 
weakest  birefringence  and  intermediate  refringcnce ;  Wulfing 
assigns  to  magnesium  tourmaline  intermediate  birefringence  and 
the  lowest  refringence,  and  to  iron  tourmaline  the  strongest  bire- 
fringence and  the  highest  refringence.  The  rare  chromium  tour- 
maline has  higher  refringence  and  much  stronger  birefringence 
than  any  other  variety. 

Li  tounnaline  Mg  tourmaline  Fe  Tourmaline 

Blue  Green 

Hg  =  1.6377-  1.6507    1.631S- 1.6536    1.6517-  1.6G64    I-6424-  i-68s4 
np=  1.6199- 1-62;7    1.61Z3- i.62go    1.6281-1.6368    1.6222-1.6515 
n^— Hp  =  0.0146-  0,021 1    0.0192-  0.0246    0.0236-  0.0299    0.0202-  o.o33g 
For  Cr  toiirmalmc  n,—  i.(:87.  11^  =  1.641,  ^g  —  Mj,  =  0.046. 

Color  black,  bluish  black,  dark  brown,  less  commonly 
blue,  green,  red,  pink,  colorless.  Single  crystals  may  vary  in 
color.  The  pleochroism  of  the  tourmaline  is  quite  variable  in 
intensity,  but  the  absorption  is  always  0>E,  which  may  be  ex- 


^d  by  Google 


OPTICAL   MINERALOGY. 


MBures  :!01,  l;ii:.  Pliot.imlorogi-api.a  ol  a  tourmaline  crj-slal  in  two 
positions,  first  with  c  parallel  witb  the  polarizer,  second  with  c  normal  to 
the  polarizer,  shcwintf  slroog  ai'sorptloii  In  the  second  position.  Froni  a 
section  of   utKinatUlc  granite  from  Wheal   Tremoyne.    Cornwall.    U.   W.    7J9. 

pressed  in  this  case  as  Z>X.  Therefore  the  maximum  absorption 
occurs  when  the  vertical  axis  (and  elongation)  is  at  right  angles 
with  the  vibration  plane  of  the  polarizer.  Examples  of  the  ple- 
ochroic  formulas  follow  : — 

Z(0)  X(E) 

Sections   1.5   mm.  thick. 
Li  (ourmaline       pink,   pale   green,   or         colorless   or   nearly   so 

greenish  blue 
Mg  tourmaline    dark  yellowish  brown      pale  yellow 
Sections  0.03  mm.  thick. 
Li  tourmaljtie       colorless,   pink,  or  very    colorless 

pale  blue 
Mg  tourmaline     pale   yellow  mlorless 

Fe  tourmaline      yeliowi.sh    brown    to  pale  yellow  to  dark 

black 
Fe  tourmaline      dark  green  reddish  violet  to  brownish 

Fe  tourmaline      blue  of  various  shades     pale  violet   gray,  yellow- 
ish or  colorless 
Cr  tourmaline      green    10   bluish   green     yellow 

A  single  crystal  may  have  different  colors  irregularly 
distributed  or  arranged  in  zones,  or  at  opposite  ends  of  the  verti- 
cal axis. 

Incl.  Very  intense  pleochroic  colors  may  be  present 
about  inclusions  of  zircon  or  rutile:  they  are  often-  of  different 
color  from  that  shown  by  the  enclosing  mineral;  in  them  the 
birefringence  is  increased.  They  disappear  when  subjected  to 
heat. 

Alter.     Tourmaline  is  usually  unaltered   in  rocks;  it 
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may,  however,  change  to  a  colorless  mica  with  the  characters  of 
damourite;  in  other  cases  this  is  accompanied  by  biotite  and 
sometimes  chlorite. 

Occur.  Tourmaline  occurs  widely  distributed  in  crys- 
talline schists,  gneiss,  etc.,  as  well  as  in  phyllites,  clay  slates,  and 
limestone.  It  is  a  common  product  of  contact  metamorphism 
resulting  from  the  action  of  mineralizing  vapors  upon  rocks  of  all 
types.  It  is  frequent  in  pegmatites,  granulites,  and  in  veins.  It 
occurs  occasionally  apparently  as  a  primary  constituent  of  acid 
igneous  rocks. 

DiAG.  Tourmaline  is  readily  distinguishable  from  all 
other  minerals  by  its  pleochroism  with  maximum  absorption  per- 
pendicular to  tbe  elongation,  by  its  forms,  its  lack  of  cleavage, 
its  distinct  relief  and  bright  interference  colors,  and  its  uniaxial 
negative  character. 

TREMOLITE,  see  amphibole  ((vowp. 

TRIDYMITE. 

Hexagonal  at  I30°C.  c-  =  1.653  SiO^ 

Phvs.  Char.  Crystals  usually  minute  hexagonal  plates  paral- 
lel to  the  base.  At  ordinary  temperatures  the  hexagonal  form  becomes 
the  result  of  twinning  ||  no  of  orthorhombie  (Lacroix)  individuals  simi- 
lar to  the  commoJl  aragonite  twins.  Twinning  of  other  types  often  also 
present,  sometimes  giving  pseudoisometric  forms.  Cleavage  indistinct 
parallel  to  the  prism  faces;  parting  parallel  to  the  base.  H. :=7.  G.  = 
X  28-2.33.     Soluble  in  -boiling  NajCO^ ;   otherwise  like  quartz. 

Opt.  Prop.    The  plane  of  the  optic  axes  is  parallel  to  100;  the 

TRDYMITE 


got 


Figure  ZD3.    OpUcal  oriantatlon  ol  trldymlte. 
positive  acute  bisectrix  is  normal  to  001.    The  refringence  is  very  low  and 
the  birefringence  very  weak. 

(+)  2£  =  66'   2F  =  43° 
n  =  1.4775 
«,-np  =  o.ooi85 
Colorless  or  white.    Colorless  in  section. 


^dbyGoogk' 


384 


OPTICAL  MINERALOGY. 


Incl.    Gas  inclusions  are  not  infrequent. 

Alteb.    Tridymile  alters  sometimes  to  quarti^. 

OccuB.  Tridymite  is  always  formed  at  high  temperatures;  it 
is  found  in  small  aggregates  and  in  crystals  in  lithophysx,  in  siliceous 
lavas  sometimes  associated  wit-h  opal.    Also  found  li 


;  group. 


TRIMERITE,  see 

TRIPHYLITE. 

Obthoshommc  a:  fc  if::  0.435;  1 : 0.527  Li{Fe,Mn)PO^ 

CoMP.  By  increase  of  manganese  triphylite  grades  into  lithi- 
ophilite  [Li(Mn,Fe)POj].  which  is  included  in  the  following  description. 
Phys.  Char.-  Crystals  prismatic,  rare.  Massive,  cleavable  to 
compact.  Cleavage  perfect  ||  001,  imperfect  ||  010,  interrupted  ||  no. 
H.  =  4.5-5.  G.  =  3.42-3,56.  Fusible  at  1,5  with  red  flame  having  a  bluish 
green  border.     Soluble  in  HCl. 

Opt.  Prop.  The  optic  orientation  changes  with  the  varying 
amount  of  ferrous  iron  or  manganese  present.  This  is  shown  in  the  fol- 
lowing table.  The  dispersion  is  very  strong  in  all  varieties,  with  p  <  w 
in  positive  varieties  and  p>r  in  negaliv' 


FeO  4.24 

FeO  9.42 

FeO  13.63 

FeO  26.58  ■ 

FtO  35.05 

{+)2V=<s>\y 

C+)62=54' 

(+)56''4' 

^^)2V=CP 

(-)2r=60° 

tig— 

1.687 

«,  =1.692 

«m-1.675 

1.679 

1.6S2 

«„= 1.688 

L702 

«p  = 

1.676 

«p  =1.688 

«,-Ho  — 

0.011 

«g-ap  =0.004 

y^a,X\c 

X-fl,Yll^ 

X^!a,Yi:f 

Z'* 

X||<:,y||« 

yelli 


In  triphylite  having  26. 
is  2i''53'  in  green  light,    0°   in 
green  light  the   indices  are:— j 
light  the  indices  are  n^— 1.691 
probable  that  in  triphyli 


^r  of  FcO  the  optic  angle  about  Z 
V  light,  and  15°  3'  in  red  light.  In 
1.698,  n„  =  1.692,  np=  1.691.  In  red 
,  =  1,684.  "p=  1.683.  It  is  considered 
e  than  36^  FeO  the  optic  plane  would 


iphylite;  color  salmon  pink, 
I  the  surface,  Lithiophilite 
lie  greenish  yellow,  Z  pale 


be  parallel  to  010  and  the  sign  still  negative. 

Color  greenish  gray  or  bluish  in 
yellow,  brown  in  lithiophilite :  often  black 
distinctly  pleochroic  with   X   deep   pink,   Y 

Alter.  These  minerals  alter  readily  by  oxidation  and  hydra- 
tion of  manganese;  alteration  turns  the  minerals  brown,  red.  or  black, 
and  develops  three  good  cleavages.    Ultimately  pyrolusite  may  form. 

Occur.  Found  in  pegmatite,  often  associated  with  spodumene, 
triploidite,   rhodochrosite. 

Natrophilite  (NaMiiFO^)  is  isomorphotis  with  triphylite  and 
like  it  in  all  respects  except  deep  wine  yellow  color  s^A  the  composition. 
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TRIPLITE,  see  wagnerite. 
TRONA. 

MoNoCLiNic  o:t:c::2&i6;  1:2.970  HNajCCOj)^ +  2HjO 

^  =  77°  23' 

Phys.  Chak.  Crystals  tabular  |I  001  and  elongated  ||  b.  Often 
fibrous,  massive.  Cleavage  perfect  ||  100,  in  traces  ||  iii  and  001.  H.=: 
2.5-3,  G.  =2.11-2.14.  Effervesces  with  acids;  soluble  in  H^O,  Taste 
alkaline. 

Opt.  Pbop.  The  optic  plane  and  the  acute  bisectrix  X  are  nor- 
mal to  010:  Z  makes  an  angle  of  83°  with  c.  Optic  angle  large ;  dispersion 
/>  <  f  weak.     Color  gray  or  yellowish  white. 

n„=i.S07 
Occui.     Fotmd  in  salt  lake  deposits  with  halite,  hanksite,  then- 
ardite,  glauberite,  etc. 

TYROLITE. 

Orthorhombic  o:6:e::o.g3:  I:  ?  Cu,(OH)^(AsO,)j  +  7HjO 

Phvs.  Char.  Crystals  rare:  usually  radial  or  foliated  masses. 
Cleavage  perfect  ||  001.  Flexible  laminse.  H.  =  i.-I.s.  G.  =  3.-3.t. 
Easily  fusible.    Soluble  in  HNO,  or  NH^OH. 

Opt.  Prop.  The  optic  plane  is  parallel  to  010 ;  the  acute  bi- 
sectrix X  is  normal  to  001.  Optic  angle  large,  Refriogence  high,  » ^ 
1,70.  Color  pale  to  dark  sreen,  sometimes  bluish.  Streak  paler.  Luster 
pearly  on  001,  elsewhere  vitreous. 

Occur.  Found  in  cavities  in  calcite.  calamine,  or  quartz  in  cop- 
per deposits.  Rare. 

Chalcophyllite  [Cu,(OH),(AsO^),+ ioH,OI  is  related  to 
tyrolite.  but  it  is  rhombohedral  with  c  =  2.554.  Crystals  six-sided  tab- 
ular; also  massive  foliated.  Cleavage  perfect  ||  OOOI.  H.  =  2.  G.  =  24- 
2.66.  Easily  fusible.  Soluble  in  HNO,  or  NH^OH.  Uniaxial  and  nega- 
tive. Birefringence  strong ;  ti^  —  1.6323.  n^  =  1.5745 ;  ",  —  "p  =  0.0578. 
Color  dark  green  to  grayish  green.  Streak  paler.  Found  in  copper  mines 
often  with  clinoclasite,  and  derived  from  enargite.     Rare. 

URANOCIRCITE 

Orthorrombic  Axial  ratio  unknown  Ba(UOj)j(PO,)    +8H  O 

Phys.  Chab.    Crystals  like  autunitc.     Cleavage  perfect  |{  001, 

distinct  ||  100  and  010.    G.  =  3-53- 

Opt.   Prop.    The  acute  bisectrix  X  is  normal  to  001.     2E  = 

15"- 20°.     Index  «  =  1.62.     Color  yellow  green.     Luster  pearly  on  001. 
Occur.     Found  in  quartz  veins.    Very  rare. 

UVAROVITE,  see  garnet  group. 
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Sb,0^ 

tabular  {[  oio,  a 

r  elongated 

s.     Also  massiv 

e.  lamellar. 

lo.     U.  =  2.5-3- 

G.  =  5-5-. 
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VALENTINITE. 

Orthoruombic  a:b:c:: 0,391 ;  I : 

Phys.  Char.  Crystals  prismatic  or  : 
11  a.  Often  in  stellar  or  lamellar  aggregates 
granular,  or  columtiar.  Cleavage  perfect  ||  01 
Easily  fusible,  and  somewhat  volatile.     Soluble  in  HCl, 

Opt.  Prop.  The  negative  acute  bisectrix  is  normal  to  loo:  the 
optic  plane  is  parallel  to  001  in  red  light,  and  parallel  to  OIO  in  blue  bght. 
The  optic  angle  is  sitiall,  in  yellow  light  nearly  0°.  Refringence  very  high. 
»  =  2.34  Na.  Dispersion^  very  strong,  p  >  r,  becoming  p  <  v  when  (he 
axes  for  red  and  blue  arc  in  the  same  plane.  When  heated  to  75°C.  the 
optic  angle  in  red  tight  decreases  somewhat,  and  in  blue  light  increases. 

Color  snow  while,  rarely  pink,  gray,  brownish.  Colorless  in 
thin  section. 

Occur.  Formed  by  the  alteration  of  stibnite  or  other  antimony 
ores.     Commonly  mixed  with  ccrvantile  and  slibiconite. 

Claudetite  (As,0j)  is  closely  related  to  valentinite  in  form 
and  composition,  but  it  is  monoclinic  with  a:  6:  f :  :0.404;  i  :0.345  ard 
j3  =  86°  3'.  Crystals  plates  ||  010  or  prismatic.  Twinning  on  100  of  pene- 
iralion  type  common.  Oeavage  perfect  ||  OiO,  giving  flexible  laminse: 
fibrous  separation  )|  110.  H.  — 2.5.  G,  =  3,85-4.15.  Volatile,  Optic 
plane  parallel  looio;  the  acute  bisectrix  Z  makes  an  angle  of  +6°  with 
c.  Dispersion  p<!.v  strong.  2H  ^=65°  21'.  Colorless  to  white.  Found  in 
veins  with  arsenopyrite.  in  burning  coal  mines,  and  as  an  artificial  prod- 
uct of  smelting  furnaces. 

VANADINITE,  see  apatite  group, 

VESUVIANITE   (Idocraae). 

TETRAooNrtL  '-^0-537  Ca  J  Al  (OH,F)  J  Al^  (  SiO,), 

COMP.  Other  elements  replacing  those  of  the  formula  to  vari- 
able amounts  include  iron,  magnesium,  manganese,  sodium,  titanium,  etc 
Phys.  Char.  Crystals  commonly  prismatic;  sometimes  pyram 
idal,  or  modified.  Massive,  columnar  or  granular. 
Cleavage  indistinct  ||  no.  in  traces  ||  loo  and  ooi. 
H.  =  6.5.  G.  =  3-35-3-4S-  Fusible  al  3.  with  intu- 
mescence.    Partly  decomposed   by   HCl. 

Opt.  Prop.  Uniaxial  and  negative.  Some- 
times biaxial  with  optic  angle  variable,  2£  =  3o''-6o''. 
When  biaxial,  basal  sections  frequently  show  four  diag- 
onal sectors  in  each  of  which  the  optic  plane  is  normal 
to  the  edge.     The  optic  angle  varies  with  the  tempera- 


=^55^^ 


ture,  and  in  some  cases  with  the  pressure.     Viluite  is       Ficure  Ml,  ^ 
a  rare  variety  which  is  positive.     Refri 
refringence  weak,  usually  about  0.004. 
Vesuvianite  «g  — 1.705-1.732    n^=  i.?oi-i.726    «,  —  «„  =  0.001-0,006. 

Viluite  "^  -  i.;i;-i,72i     n^—  I.716  n^  — np  =  o.00i-o.005. 

Color  brown  to  red.  green,  rarely  yellow  or  pale  blue.     Streak 
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white.      In  thin  section  colofless,  pale  brown,  or  green,  the  colors  often 
distributed  in  ^ones  or  irregularly.     Pleochroism  usually  not  noticeable  in 
thin  section,  but  in  thick  plates  the  tints  are  quite  variable,  thus:— 
Mass  color  2  X 

Bcown  Yellow  brown  to  yellow  Brownish  yellow  to  brownish  gray 

green 
Red       Colorless  to  light  gray  Light  rose  red  to  peachblow  red 

Green   Colorless  to  greenish  yellow  Light  flesh  gray,  yellow,  or  green 
Blue      Dark  blue  Nearly  colorless 

OccuB.  Vesuvianite  is  found  most  abundantly  in  crystalline 
limestone  metamorphosed  by  adjacent 'igneous  rock;  it  is  then  usually 
closely  associated  with  grossularite,  diopside,  wollastonite,  epidole,  etc.  It 
occurs  also  in  erysulline  schists,  in  amphibole  and  in  gneiss,  and  in 
quartz  pegmatite  veins  in  schists,    - 

DiAc.  Vesuvianite  is  characteriied  by  high  refringence,  very 
weak  birefringence,  negative  sign,  negative  elongation,  crystal  form,  and 
frequent  zonal  arrangement  of  colors.  It  differs  from  zoisite  in  the  ab- 
sence of  cleavage  and  abnormal  dispersion,  from  gehlenite  in  its  higher 
refringence  and  colors,  from  andalusite  in  its  higher  refringence  and 
weaker  birefringence,  and  smaller  t^tic  angle  (when  biaxial). 

VILLIAUMITE.* 

PsEUDO-isoM  ETtti  c  Na  F  ? 

Phys.  Char.  Crystals  unknown;  massive,  cleavable.  Cleav- 
age perfect  II  001,  distinct  \\  too  and  oio.  H.  =  3.5.  G.  =  2.79.  Soluble 
in  hot  HjO. 

Opt.  Prop,  Basal  sections  are  apparently  isotropic.  Thick  ver- 
tical sections  ^ow  very  weak  birefringence,  with  X  parallel  to  c.  The  re- 
fringence is  extremely  low;  n^  1.328. 

Color  carmine  red  to  dark  violet,  but  becomes  colorless  vAen 
heated.  In  basal  sections  carmine  red  and  non-pleochroic ;  in  vertical  sec- 
tions carmine  red  parallel  to  the  base,  and  golden  yellow  parallel  to  the 

Occt;ii.  Found  in  ncpheline  syenites  in  French  Guiana,  appar- 
ently as  a  magmatic  constituent.     Very  rare. 

VIVIANITK 
MoNOCLiNic  a:  6:  c:: 0.750: 1:0.702  Fcj(PO«)2-f 8H„0 
P  =  75'  34' 
Phys.  Char.  Crystals  prismatic,  sometiines  flattened 
Ij  100;  often  grouped.  Comtnonly  fibrous,  divergent;  also  en- 
crusting or  earthy.  Qeavage  perfect  ||  010  (giving  flexible 
laminae),  in  traces  I|  100.    H.  =  1.5-2.    G,  —  2.58-2.68.     Fusible 

•A.  Lacrolx.  O.  R.  CXLVI.  p.  2\Z. 
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at  1.5  with  bluish  green  flame  color  to  magnetic  globule.    Soluble 
in  HQ. 

Opt.  Pfop.  The  optic  plane  and  obtuse  bisectrix  X  arc 
normal  to  010;  Z  makes  an  angle  of  diyi"  with  c.  Birefrin- 
gence strong.  Optic  angle  large ;  slight 
horizontal  dispersion  with  p<v  small. 
(  +  )2£=i43°  14'  (2^-73°  10') 
n,  =  1.6267  »ni  =  I  6050  n»  =  1.5766 
n,  —  np  =  0.050 

Colorless  when  pure  'and  unal- 
tered, but  usually  blue  to  green.  Streak 
colorless  to  bluish  white,  soon  changing 
to  dark  blue  or  brown.  Pleochroism 
strong  when  colored  with  Z  =  Y  pale 
greenish  yellow  to  colorless,  X  cobalt 
blue. 

Alter.  Alters  easily  by  the 
oxidation  of  the  iron. 

Occur.  Found  in  veins  of  cop- 
per, gold  and  tin  with  pyrrhotite  and  py- 
rite ;  also  in  clay  beds ;  sometimes  with  ^^^ 

limonite;  often  in  cavities  of  bones  or       optical  orientation   of 
fossils. 

Sympleslte  (Fe,AsjO^ -t-SH^O)  is  isomorphous  with  vivianite, 
with  a:i>;c::o.78i  1 1  :o.68i  and  ^  —  72°  43'-  Crystals  prismatic  or  flat- 
tened II  010;  radiated.  Cleavage  perfect  1|  010.  H.  =  2.5.  G.  =  3.g6. 
Infusible.  Optic  plane  and  acute  bisectrix  X  normal  to  010 ;  Zac  = 
-1-32°.  2H1  =^  107°  qH'.  Color  pale  indigo  blue  to  leek  grew.  Streak 
bluish  white.  Pleochroism  distinct  with  Z  yellowish  green,  Y  colorless 
to  greenish  yellow,  X  bhiish  green  to  blue.  Found  .with  siderite  or  phar- 
macosiderite.     Very  rare. 

Eiythrite  (CojAs^O^+SH^O)  belongs  in  the  vivianite  group; 
it  has  a\b:c:: 0.7s  11:0.70  and  ^^75°  ±.  Crystals  prismatic,  vertically 
striated.  Also  globular,  drusy,  columnar,  incrusting,  earthy.  Geavage 
perfect  II  010.  indistinct  ||  100  and  loi.  Laminx  somewhat  flexible. 
H.  =  i.S  to  2.S-  G.  — 2.gs.  Fusible  at  2.  with  light  blue  flame.  Gives 
rose  red  solution  with  HCl.  Optic  plane  and  acute  bisectrix  X  normal 
to  010.  Z  c=^  31".  Birefringence  strong.  Optic  angle  large ;  slight 
crossed  dispersion  with  p>»  weak.  sH :^  104"  31' ;  n^^i.6986;  «„  = 
1.6614.  1^=^  1.6263;  ij,  — 1^  =  0.0723,  Color  red,  sometimes  grayish  green. 
Streak  pale  red ;  dry  powder  lavender  blue.  Pleochroism  strong,  red, 
green  and  blue.  Formed  by  oxidation  of  cobalt  ores;  found  in  the  surface 
part  of  veins.    Rare. 

Antubergite   (Ni,ASjO, -(- SH^O)   is  closely  related  to  eryth- 
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dte;  crystals  fibrous,  massive;  H.  =  2.-2.5.  G.  =  3.08-3.13.  Green  so- 
lution in  acids.  'Optic  plane  and  acate  bisectrix  X  nonnal  to  010.  2//^ 
104°- 107',  color  green,  pleochroic ;  streak  greenish  white.  Produced 
from  smalite,  niccolite,  etc.  by  oxidation.    Very  rare. 

Bobienite  (Mg^PjO, -f  SH^O)  is  isomorphous  with  vivianite, 
with  j8^?7°±-  Crystals  six-sided  prisms;  crystalline  masses.  Cleav- 
age II  010.  H.^=i.-2.  G.  =  3.4i.  Soluble  in  acids.  Optic  plane  and  ob- 
tuse bisectrix  X  normal  to  010;  ZAe  =  34''±.  2E=I2S*'±.  Disper- 
sion p<^v  weak.    Colorless  to  white.    Found  in  guano.    Very  rare. 

Cabrerite  [(Ni,Mg)jAsjOg-t-8HjO]  is  closely  related  to 
erythrite  and  bobierrite.  Fibrous ;  radiated.  Cleavaffe  perfect  1 1  oio. 
H.=2.  G.  — 2.96- .3.11.  Infusible,  Optic  plane  and  acute  bisectrix  X 
normal  to  010;  Za  c  =  — 35°.  2//=  105°-  112°  Li.  Marked  crossed 
dispersion  with  p  >  r  strong.  Color  apple  green.  Found  with  brown  spar 
in  limestone  and  schist  in  Spain ;  in  zinc  mines  in  Greece.    Very  rare. 

Hautefenillite  ['Mg,Ca>,P,0, -I- 8H^O)  is  closely  related  10 
bobierrite.  Lamellar,  radiated.  Cleavage  perfect  ||  010.  H.  =  2,5.  G.  — - 
2.44.  Exfoliates  and  fuses.  Soluble  with  diflicuhy.  Optic  plane  parallel 
to  010;  acute  bisectrix  Z  makes  an  angle  of  45°  with  a.  2E-=^S&°.  Strong 
inclined  dispersicm'with  p<w.  n  =  1.52.  Colorless.  Found  with  apatite. 
monazite,  and  pyrite.    Vet?  rare. 

WAGNERITE. 

MoNOCLiNic  o:b:c:-- 1.9145:  i  :i-5059  (MgF)MgPO, 

P  =  7i°53' 

Phvs.  Char.  Crystals  sometimes  coarse,  vertically  striated. 
Also  massive.  Cleavages  difficult,  not  visible  in  thin  sections.  H.  =  5.-5.5, 
G,  =  2.98-3.07.     Fusible  at  4.  to  a  greenish  glass.     Soluble, 

Git.  Prop.  The  plane  of  the  optic  axes  is  parallel  to  010;  the 
positive  acute  bisectrix  is  almost  parallel  to  c.  The  optic  angle  is  small; 
axial  dispersion  marked  p>v. 

C-i-)    2F  =  26°± 

"k='-S82    n„=i.S70    n„=i.569 
"»  — «»  =  o.oi3 
Color  yellow,  grayish,  greenish,  reddish.     Colorless  in  thin  sec- 

OccuR.    Found  in  granulites  and  in  quartz  veins ;  rare. 

Triplite  is  a  related  mineral  in  which  the  magnesium  is  largely 
replaced  by  iron  and  manganese,  with  more  or  leas  calcium.  It  has  two 
unequal  cleavages  at  right  angles.  Color  brown  to  brownish  black.  H.  ^ 
4- -5-5-  G.  —  3.44-3.8.  Fuses  at  1.5  to  a  black  magnetic  globule.  Soluble. 
Triplile  is  positive  like  wagnerite,  bul  it  has  a  nnich  larger  optic  angle 
(2// =  95°)  and  has  distinct  color  and  pleochroism  In  yellow  to  brown 
tints.  In  triplite  the  plane  of  the  optic  axes  is  nearly  parallel  to  the  im- 
perfect cleavage  and  normal  to  the  easy  cleavage,  while  the  positive  acute 
bisectrix  makes  an  angle  of  about  42°  with  the  latter.     It  is  often  coated 
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with  pyrolusite  by  alteration;  it  occurs  in  quartz  veins 
accompanied  by  apatite.    Rare. 

Adeliu  (HCaMgAsO,)  is  prc^ably  reUtcd  1 
is  monoclinic  in  tabular  or  prismatic  crystals.  Usually  m 
none.  H.  =  5.  G.  =  3.71-3.76.  Fusible.  Soluble.  The 
makes  an  angle  of  +39°  with  c.  Refringence,  fn:^  1.67.  zE  =  160°  40'; 
dispersion  p  >  v.  Color  gray.  Luster  resinous.  Found  in  manganese 
mines  in  Sweden.     Rare. 

DiAG.  Wagnerite  is  characterized  by  lack  of  cleavage,  small 
c^tic  angle,  and  weak  birefringence;  also  by  the  presence  of  phosphorus 
and  duorine. 


WAPPLERITE,  see  pharmacolitc. 
WARWICKITE. 

Orihoruoubic  a:b:c::  0.977 :  I "  ? 

Phvs.  Char.    Usually  in  long  prisms 
faces.       Cleavage     good     1|     100.     H.  =  3.-4. 
G.  =  3.35-3.42.       Infusible.      Decomposed     by 
HjSO,;  reacts  for  Ti. 

Opt.  Prop.  The  plane  of  the  optit 
axes  is  parallel  to  010:  the  positive  acute  bi- 
sectrix is  normal  to  100.  The  refringence  ii 
very  high  like  that  of  titanite;  the  birefrin- 
gence  is   only   moderate. 

(  +  )  iV  =  7o'± 


(Mg,Fe)^BjTiO, 
with  rounded  terminal 


3  black.  In  thin 
tense  with  7.— 
=  clear  yellow- 


i 

l",l!il 

m 

100 

*j*  1 

1 

ifll 

Color  dark  brown  1 
section  the  pleochroism  is  it 
brown,  Y  =  reddish  brown,  J 
ish  brown. 

Incl.    Warwickite    commonly 
tsins    abundant    inclusions    of    ilmenite 

Alter.    Alters  to   ilmenite. 
OcciTH.     Found   in   crystalline   Iimc- 

DiAG.     Distinguished    from   titanite   by 
fringence  and  ils  intense  pleochroism. 

WAVELLITE. 

Ohthobhombic  a;b:c::  0.505 :  i :  0375  ( A10H),(POj),  -(-  sH,0 

Phvs.  Char.  Crystals  rare;  usually  in  fibrous  radiated  aggre- 
gates. Cleavage  distinct  {{  no  and  010,  but  usually  not  marked  in  ags''e- 
gates.  H.  =  3.-4.  G.  =  2.3-2.5.  Infusible,  but  swells  and  colors  the  flame 
green.     Soluble. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to  too:  the 
positive  acute  bisectrix   is  normal   to  001.     Axial   dispersion  p>v.     The 


Figure 

Optical   orient. 

warwickite. 
its   much    weaker   bire- 
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WAVtLLITE 


parallel    with    tlie    elongation, 
which   is   positive. 

(  +  )2j/  =  70'>   ± 
«„=  1.526 


Occir*.    Found    ii 
amblygonite ;  also  in  phyllltt 


and  i 


100 


ADgelite      \ 

chemically   related  to  wavellite.    It   is  mono-  j 

clinic,  with  j:  fr :  t ::  1.642:  I  :  I.271  and  ^  = 
6r°  .Vl'.  Crystals  tabular  ||  001,  or  prismatic. 
Cleavage  perfect  ||   no,  imperfect  |1  lol.  H.^  ' 

4.5.5.  G.  =  2.7.  Ir.fiisible,  Nearly  insoluble. 
Optic  plane  parallel  to  Oio;  acute  bisectrix  Z 

makes   an  angle  of  — 34°    with  C.      (  +  )    2E=  Optical   orientation   of 

84°  42';   ng  =  i,s8?7.  «„  =  i.5759.  np  =  i.5736;  wavellite. 

«i  —  tij,  — 0.0141.     Colorless  to  white.     Found  with  lead  and  silver  ores. 
Rare. 

DiAO.  Wavellite  is  commonly  in  fibrous  radiated  aggregates 
with  low  refringence,  moderate  birefringence,  positive  elongation,  parallel 
extinction,  and  positive  cbaracti-r.     It  contains  phosphorus  and  water. 

WERNERITE,  sec  scapolite  group.     WILLEMITE,  see  phena- 
cite   group.     WITHERITE,   see   aragonite   group. 

WHEWELLITE. 

MO.VOCLINIC 


0.863: 

=  73°' 


CaC,0   +  H,0 


faces ;    prismatic    faces 
heart-shaped   forms.     Cleav- 


Phys.  Char.  Crystals  with  i 
vertically  striated ;  often  twinned  on  101 
age  II  001,  010,  110.     H.  —  2.5.     G.  =  2.2.? 

Opt.  Prop.  The  optic  plane  and  the  obtuse  bisectrix  X  arc 
normal  to  010;  Z  A  1:  = — 11°  or  — 12°.  The  birefringence  is  extremely 
strong.  The  optic  angle  is  large;  the  crossed  dispersion  is  weak,  with 
p<v  also  weak.     Colorless, 

(+)  2V  =  &A° 
Hg  =  1.6497     «oi  =  1-5552     "p  —  1.4900 

".—  "p^  0.1597 

Occur.  Found  in  crevices  in  bituminous  coal  with  siderite. 
Rare. 

WOEHLERITE. 

MoNocLiNic  a:b:c::  10551  :  1:0,7092  '-''io'^^i^'io^''3'^''*"'-'«^s 

p  =  70°  4S' 
Phvs,   Char,     Crystals  usually  flattened   ||    lOO  with  pinacoids. 
domes  and   the  unit  prism  present.     Twinning  common  with   too  as  the 
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■pi^;   WOHLERITE 


twinning  plane,  often  several  lamelbe  present.  Also  granular.  Cleavage 
distinct  II  010 ;  very  difficult  ||  1 10;  fraclure  conchoidal  abundant.  H.  = 
6.  G.  =  3.14-3.44.  Fusible  to  a  yellow  glass.  Dissolves  readily  in  HQ 
with  separation  of  silica  and  Nb^O^, 

Opt.    Prop.     The  plane  of  the   optic 
perpendicular  10  010  and  nearly  parallel  with  i 
negative  acute  bisecirix  makes  an  angle  of  about  45° 
with  c   in   the  acute  angle  fi.     The  angle  of  the  optic 
axes   is   large.      The   refringence  and   the   birefringence 
are  about  the  same  as  in  augice.     Axial  dispersion  not- 
abte,  p<.v,  and  weak  horizontal  dispersion. 
(-)  2K  =  ;i°-79° 

»,  =  1.736    «„=  1.716    »t^=  1.700 
n^  —  Bp  =  aoz6 

Color  yellow.  Colorless  in  thin  section,  but 
in  thick  section  yellow  and  pleochroic ;  thus  Z  =  deep 
wine  yellow,  Y  =  X  =  light  wine  yellow  to  colorless. 

Occur.  Rare ;  found  in  nepheline  syenite 
in  Norway. 

DiAG.     Wohlerite   has    less    color    and    pleOoptlcaTwIe^nfitlon 
chroism   than  commonly   found   in   ISvenite,  as   well   as       of  w6hlerite. 
a  larger  extinction  angle.     It  differs  from  hiortdahlite  in  being  mono- 

WOLFRAMITE.  see  hiibnerite. 
WOLLASTONITE. 
MoNOCLiNic  a:b:c::  1.0531:09676  CaSiO, 

/J^84°3o' 
Phys.  Char.  Crystals  commcnly  tabular  ||  100  or  001, 
usually  more  or  less  elongated  1 1  b.  Oeavage  perfect  j  j  100,  less 
perfect  II  001 :  sometimes  distinct  ||  foi.  and  also  I02.  Twinning 
on  100.  G.  —  2.8-2.Q.  H.  =  4.5-5.  Brittle.  Fusible,  but  crys- 
tallizes on  cooling.    Soluble  in  acids  with  gelatinization. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to 
010,  and  therefore  normal  to  the  donation.  The  negative  acute 
bisectrix  makes  an  angle  of  38°  with  the  basal  plane  in  sections 
parallel  with  010.  Refringence  high;  birefringence  moderate. 
Optic  angle  rather  large.  Inclined  dispersion  distinct,  with 
p  >  n.  Often  in  divergent  fibers  with  cleavage  parallel  to  the 
elongation,  which  is  positive  or  negative. 

( — 1  2£  —  70°     2F  — 40° 
««=i635    «„3ri,633    «»=i.62i 
«,  —  Wp^  0.014 
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Color  white,  gray,  rarely  yel-  WOLLASTONITC 

low  or  reddish.    Colorless  in  thin  sec-  ^, 

tion. 

Alter.     Wollastonite   alters 
readily  to  calcile. 

Occur.   Found  frequently  in 
regions   of   contact   between    igneous  ,^ 

rocks  and  limestones;  also  in  lime- 
stone masses  caught  in  volcanic  rocks ; 
also  in  crystalline  limestones.  It  is 
often  associated  with  augite,  diopside, 
garnet,  epidote,  calcite;  and  these  f'" 
minerals  occur  as  inclusions.  %.j 

DiAG.     Distinguished     from 
pectolite  and  tremolite  by  the  variable  optirai  o"l?nia(ion  or 

sign  of  the  elongation  and  the  weaker  wouaaionite. 

birefringence;  from  colorless  epidote  by  lower  refringence, 
weaker  birefringence  (epidote  has  variable  birefringence,  but  al- 
ways stronger  than  wollastonite),  and  smaller  optic  angle. 

WULFENITE.  see  schcelite  group.  WURTZITE,  see  cinnabar 
KTOup.  XANTHOCONITE.  see  pyrargyritc.  XANTHOPHYL- 
LITE,   see   clintonite   group. 

XENOTIME. 

Tetkacon.^l  i:  =0.6187  YPO, 

CoMP.  Yttrium  often  replaced  by  related  elements,  as  erbium, 
also  cerium;  silicon  and  thorium  may  also  be  present. 

Phvs.  Char.  Crystals  short  prisms  as  in  zircon.  Twinning  on 
loi.  Cleavage  perfect  ||  no.  H.  =  4.-5.  G.  =  4.45-4.56,  Infusible.  In- 
soluble. 

Opt.  Prop.    Uniaxial  and  positive.     Refringence  high. 

Jig  —  «p  =  0.090 

Color  yellowish  brown,  reddish  brown,  red,  gray,  yellow.  Streak 
paler.  Luster  resinous  to  vitreous.  In  thin  section  colorless,  yellowish, 
pale  browiiish. 

Occur.  Found  in  pegmatite  veins  in  granite,  gneiss,  etc.  Also 
in  granite.  Commonly  associated  with  zircon,  sometimes  in  parallel 
growths. 

Hussakite  is  a  phosphate  of  yttrium,  erbium,  etc.,  with  sul- 
phur, closely  related  to  xenotime.  Like  xenotirae  in  physical  characters, 
except  G.  =  4.59.  Uniaxial  and  positive.  Refringence  high ;  birefringenca 
very  strong.  »g^i.8lS3.  np='-7207;  «,  — ti„  =  0.0948.  Color  yellowish 
white  to  dark  brown.  Luster  vitreous.  In  thin  section  colorless,  yellow- 
ish, pale  brownish.    Sometimes  weakly  pleochroic  with  Z  brownish  yellow 
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or  grayish  brown,  X  pink  or  light  yellowish  brown.  Differs  from  xeno- 
time  in  presence  of  SO,,  from  cassiterite  and  zircon  in  lower  refringence. 
DiAG.  Xenotime  differs  from  zircon  in  hardness  and  composi- 
tion ;  from  cassiterite  by  weaker  birefringence,  from  octahedrite  by  its 
sign  (+). 

XYLOTILE,  see   serpentine   group. 

Zeolite  Group. 

The  minerals  of  the  zeolite  group  are  closely  related  in  many 
characters,  but  they  are  quite  diverse  in  their  crystal  habits. 
One  of  the  series  (analcite)  is  isometric  at  130°  C.  and  pseudo- 
isometric  at  ordinary  temperatures,  gisiiiondite  is  pseudotetragonal 
and  monoclinic;  hyd rone ph elite  and  the  chabazitc  sut^roup  are 
hexagonal  or  pseudohexagonal,  thonisonite,  edingtonite,  and 
natroiite  are  orthorhombic,  tnesotite  is  triclinic  and  the  others  are 
monoclinic.  The  zeolites  are  usually  colorless  or  white  except 
when  colored  by  impurities.  The  hardness  ranges  from  3.5-5.5. 
and  the  specific  gravity  from  2,  to  2.4;  (edingtonite  2.y).  These 
minerals  are  rather  easily  decomposed  by  acids,  usually  with 
gelatinization ;  they  are  readily  fusible,  and  many  of  them  in- 
tumesce  before  the  blowpipe,  a  character  which  gives  the  name  to 
the  group. 

Opt,  Prop,  The  zeolites  are  wholly  colorless  in  thin 
section  (with  the  single  exception  of  chlorastrolite) ;  they  are 
.further  characterized  by  low  refringence,  the  mean  index  of 
refractioji  being  in  all  cases  less  than  that  of  Canada  balsam,  and 
usually  less  than  that  of  orthoclase.  Finally,  with  the  excep- 
tion of  thomsonite  (0.027)  and  the  related  lintonite  0.017,  a" 
the  zeolites  have  weak  birefringence  ranging  from  o.ooi  in  the 
analcite  to  0,012  in  the  hydronephelite,  and  0.016  in  edingtonite. 
The  zeolites  without  apparent  elongation  are  those  which  are 
apparently  in  the  isometric,  tetragonal,  and  hexagonal  systems; 
heulandite  and  brewstcrite  have  lamellar  cleavage  parallel  to  oio; 
all  the  others  are  commonly  distinctly  fibrous.  The  fibrous  zeo- 
lites are  often  in  radiated  or  spherulitic  a^regates. 

.A.LTER,  Being  themselves  alteration  products,  the  zeo- 
lites do  not  easily  change  to  other  minerals,  but  in  some  cases  they 
have  been  observed  to  alter  to  kaolinite.  or  to  calcite,  or  to  an 
amorphous  substance.  Under  other  conditions  they  may  be  trans- 
formed to  albite.  or  prehnite.  By  artificial  fusion  and  recrystalli- 
zation  some  of  them  will  yield  anorthite,  or  a  calcium- albite. 

Occur.     The  zeolites  are  practically . always  secondary 
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minerals  formed  by  the  hydration  of  aluminum  silicates  of  cal- 
cium, sodium,  etc.  They  are  derived  chiefly  from  the  feldspars, 
but  also  from  nephelite,  leucite,  sodalite,  etc.  They  are  found 
especially  in  amygdaloidal  cavities,  fractures,  and  other  openin|^ 
in  rocks  of  many  types,  but  they  are  notably  abundant  in  igneous 
rocks  of  the  gabbro  and  basalt  groups.  They  are  found  also  in 
some  metalliferous  veins,  especially  where  the  gangue  is  lime- 
stone, and  in  the  deposits  of  hot  springs,  where  they  have  in  some 
cases  been  formed  within  historic  time  and  are  undoubtedly  now 
in  process  of  formation.  Finally,  philltpsite  is  produced  at  great 
depths  on  the  ocean  bottom  by  the  action  of,  the  salt  water  upon 
the  basic  volcanic  dust  beneath  it.  The  zeolites  are  commonly 
associated  with  calcite,  prehnite,  pectolite,  apophyllite,  datolite. 

DiAG.  Analcite  is  at  once  distinguished  from  all  other 
zeolites  by  its  extremely  weak  birefringence;  in  fact  it  is  often 
apparently  isotropic.  Ckabasite  and  gmelinite  are  similar  in  hav- 
ing very  weak  birefringence ;  they  have  a  variable  but  small  optic 
angle  of  variable  sign.  Gismondite  has  a  large  optic  angle  about 
a  negative  bisectrix,  and  a  birefringence  of  0.008.  Its  exterior 
form  is  that  of  a  tetragonal  bipyramid  produced  by  complex  twin- 
ning of  monoclinic  individuals.  Hydronephelite  is  uniaxial  and 
positive,  with  a  birefringence  that  is  rather  strong  for  a  zeolite, 
viz.  0.012.  Heulandite  and  brewsterite  are  usually  more  or  less 
flattened  parallel  with  the  perfect  cleavage  (o»o),  and  more  or 
less  vertical  elongation  is  frequent,  especially  in  brewsterite. 
Both  have  the  positive  acute  bisectrix  perpendicular  to  the  cleav- 
age, whose  direction  is  therefore  negative.  The  optic  angle  is 
quite  variable,  but  usually  small,  in  heulandite;  it  is  large  in 
brewsterite.  The  maximum  extinction  angle  in  the  vertical  zone 
is  very  small  in  heulandite,  while  it  is  about  22°  in  brewsterite. 
Edingtonite  has,  for  a  zeolite,  rather  high  relief  and  strong  bire- 
fringence ;  the  optic  angle  is  large  and  of  negative  sign ;  crystals 
are  minute,  pyramidal. 

The  optical  orientation  of  the  remaining  zeolites  is  shown 
in  the  accompanying  diagram,  in  which  the  angle  of  extinction  in 
sections  parallel  with  010  is  given  as  measured  on  the  vertical 
axis.  This  axis  is  the  direction  of  elongation  except  in  the  case 
of  phillipsite,  harmotome  and  stiibite,  in  which  the  elongation  is 
parallel  with  the  clino  axis.  The  maximum  extinction  angle 
measured  on  the  axis  of  elongation  is  il'  to  30°  in  phillipsite, 
28°  in  harmotome,  and  5°  in  stiibite.    The  direction  of  elongation 
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n  these  minerals 


;fon.  Angles  measured  to 
fingie  (S  and  thoa,"  lo  the  left  ot  c  in  Ihe 
e  of  phlorastiollte,  mesnljte.  pseu  dome  polite, 
e  orientation  with  respect  to  0  Is  unknown. 


is  +  iti  phillipsite,  ±  in  harmotome,  and  —  in  stilbite.  Thom- 
sonite  is  readily  distinguished  from  all  other  zeolites  by  its  strong 
birefringence  (0.027)  '<  i's  direction  of  elongation  is  ±,  and  it 
has  parallel  extinction.  Nairolite  has  parallel  extinction ;  its 
direction  of  elongation  is  +,  and  its  birefringence  is  0.012. 
Scolccite  has  elongation  of  negative  sign,  a  maximum  extinction 
angle  of  15°  or  16°,  and  a  birefringence  of  about  0.008.  MesoHte 
has  a  very  small  maximum  extinction  angle  (5°),  but  the  direc- 
tion of  elongation  is  ±,  and  the  birefringence  is  about  0.004. 
Pseudomesolite  has  a  maximum  extinction  angle  of  about  20° ; 
its  elongation  is  -\-,  its  birefringence  is  very  weak  (about  0.002), 
and  its  optic  angle  very  small.  Laumontite  has  one  of  the  largest 
maximum  extinction  angles  (25°  to  30°)  known  in  the  zeolites 
as  measured  on  the  elongation,  being  equaled  only  by  harmotome 
(28°)  and  phillipsite  (11°  to  30°),  but  the  direction  of  elongation 
is  +  in  laumontite  and  in  phillipsite,  and  ±  in  harmotone,  while 
the  birefringence  of  laumontite  is  0.012,  of  harmotome  0.005,  antl 
of  phillipsite  0.003.     Epistilbite  has  positive,  elongation  and  a 
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small  maximum  extinction  angle  (9°),  differing  therefore  in  the 
sign  of  the  elongation  from  stilbite  ( — )  and  mcsolite  (±)  which 
also  have  small  extinction  angles;  epistilbite  has  also  distinctly 
stronger  birefringence  (o.oiq)  than  either  stilbite  (0.006)  or 
mesolite  (about  0.004).  Pkillipsite  has  also  very  weak  birefrin- 
gence (0.003).  Mordenile  and  lintonite  have  maximum  extinc- 
tion angles  of  17°  and  19°  only  a  little  larger  than  scolecite,  but 
mordenite  is  distinguished  by  the  variable  sign  of  the  elongation 
and  lintonite  by  its  strong  birefringence  (0,017). 

Class.    The  zeolites  are  classified  as  follows,  beginning 
with  the  most  acid : — 
Mordenile         Monoclinic  (Ca,Naj,K,)AljSij^Ojj  +6yjH^O 

Ptilolite 
Heulandite       Monoclinic  Ca.A.ljSi,0,,  +  sH^O 

Brewsterile       Monoclinic  (Sr.Ba.Ca)  Al^Si^O,,  +  sH^O 

Epistilbite         Monoclinic  CaAl^SigOj,  -|-  sH^O 

Stilbite     -  Monoclinic?  {Ca.Na^)Ai;Si„0,g +  6H,0 

Harmotome      Monoclinic  (Ba.K,)  Al^Si^O,, -t-sH^O 

Phillipsite  Monoclinic?  (Ca,KJ  Al^Si.O,^  +  4H3O 

Gismondite  (PseudoteJragonal)  Monoclinic  CaAlj(SiOj)j  +  4HjO 
LauTnontite       Monoclinic  CaAljSi^O,j  +  tHfi 

Cliaba;?ile  (Pseudohexa.)    Triclinic?        (Ca,Naj)Alj(SiOj)^ +6HjO 

Gmelinite  (Pseudohexa.)   Triclinic?         (Na,.Ca)AI,(SiO,), -|-6HjO 

Analcite  Pseudoisomelric  .      NaAi(SiOj)j  +  H^O 

Edingtonite  (Pseudotetragonal)  Orthorhombic  BaAI^SijO,, -|- SH^O 
Natrolite  ( Pseudotetragonal)    Onhorhombic     Na^Al^SijOj^  +  zHjO 

Scolecite  Monoclinic  CaAl^Si^O,,  -I-  sH^O 

Mesolite  Triclinic     '  "i  (  intia^A]^Sifi^^  +  slifi 

and  C  J  + 

Pseudomesolite  Triclinic?    )  (      »CaAljSi,0,„ +  3H,0 

Thomsonite       Orthorhombic  (Ca.Na,)Alj(SiO,),  -|-  2'/JH,0 

Hydronephelite  Hexagonal  HNa^AljCSiO^),  +  sH^O 

MORDENITE. 

MoKo.  a:b:c::  0.401 : 1 :  0.428  (Ca.Na,.K,)  Al^Si.^Oj^  +  e^H^O 

^  =  88°  30' 

Phvs.  Cmab,  Crystals  usually  flattened  parallel  to  010,  some- 
times in  groups  parallel  to  010;  also  fibrous,  arranged  at  tiities  radially 
in  reniform  and  cylindrical  masses.  Cleavage  perfect  ||  010.  H.^3-4. 
G.  =  2.08-2.15.  Fusible  slowly  without  intumescence  to  white  enamel. 
Not  wholly  decomposed  by  acids. 

Opt,  Prop.  The  plane  of  the  optic  axes  and  the  bisectrix  X 
are  perpendicular  to  oior  the  bisectrix  Z  makes  an  angle  of  73'/^°  with 
the  vertical  axis  in  the  acute  angle  fi.  The  angle  of  the  optic  axes  is  large 
The  birefringence  is  weak. 

Color  white,  yellowish,  pinkish.  Colorless  in  section. 
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OccuB.    Found  in  basalt  i 


1  Nova  Scotia  and  Wyoming.  San. 
PtOolitc  is  a  very  similar  zeolite,  always  fibrous,  with  parallel 
It  contains  less  water  and  more  poUsh.  The  fibers  have 
negative  elongation.  Birefringence  very  weak;  (ij<  1.485  >  1480,  n  > 
1-480;  "»~"p<o.oos.    Occurs  in  Colorado.    Rare. 

DiA&  Mordenite  is  characterized  by  having  its  optic  plane  and 
a  bisectrix  perpendicular  to  the  plane  of  symmetry,  whidi  is  marked  by 
perfect  cleavage. 


HEULANDITE. 


MoNotiiNie 


::  0.403: 


:  0.429 


CaAljSi.Oj,  +  sH  C 


34 


1 1  ways  perpendic- 
nearly  pcrpen- 


HEULANDITE 


Phvs.  Char.  Crystals  often  flattened  ||  010;  also  equidimen- 
Efonal  of  orthorhombie  aspect.  Crystals  may  be  composed  of  numerous 
subindivi duals  in  nearly  parallel  position.  Also  globular,  granular.  Qeav- 
age  perfect  ||  010.  H.  =  3.5-4.  G.  =  2,18-2.26.  Before  the  blowpipe  ex- 
foliates, swells,  and  curves  into  vermicular  forms,  fusing  to  a  white 
enamel.     Decomposed  by  HCl   withoui 

Opt.  Prop.  The  plane  of  the  optic  a 
ular  to  010,  usually  nearly  parallel  to  001,  but  . 
dicular  to  that  face.  In  still  other  cases  ihe 
optic  plane  makes  widely  varying  angles  with 
001.  The  positive  acute  bisectrix  is  always 
perpendicular  to  010.  The  angle  of  the  opti; 
axes  is  variable  even  id  a  single  crystal.  Ax- 
ial dispersion  weak  p  <  w  when  the  optic 
plane  is  nearly  parallel  to  cx>l,  and  fi  >  r 
when  it  is  nearly  perpendicular.  Very  dis- 
tinct crossed  dispersion.  The  optic  plane  in 
red  light  makes  an  angle  of  7°  to  12°  with 
the  same  plane  in  blue  light.  The  oplic  prop- 
erties undergo  several  changes  upon  the  ap- 
plication of  heat.  The  refringence  is  low  and 
the  birefringence  is  weak. 

(+)  2£  =  o°  to  92°,  usually  52°^ 

"g  =  1.505     "n,  —  1-499    tp  =  1-498 

«g  —  np  =  0.007 

After  healing  to  230''C.  and  thus 
expelling  the  water,  the  _indices  are; — Bg  = 
I.4?47.  fm-1.4733.  "^=1.4651;  "j  — »'p  = 
aoo96. 

Color  white,  yellowish,  or  colored  by  impurities  gray,  brown  or 
red.     Colorless  in  section. 

Occur.     Heulandite   is   found    especially   in   basaltic   rocks,   but 
1  crystalline  schists.     It  is   usually 


5  rarely  fibrous,  but  has  a  lamellar  cleavage, 
'  bisectrix  perpendicular  thereto.     Brewsterite  is 


Optical  orientation 
heulandite. 
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similar,  blit  has  a  smaller  optic  angle  and  less  dispersion  of  the  bisec- 
trices, as  well  as  stronger  birefringence.  In  stilbite  the  optic  plane  is 
parallel  with  the  cleavage. 

BREWSTERITE. 
b:c::  0.405 :  i :  0.420  (Sr.Ba,Ca)  AI,Si.O,.  +  sH  O 

j8  =  86=30'  2      <     W  2 

Pavs.  Chak.  Cryslals  commonly  prismatic,  somewhat  ver- 
tically elongated,  ami  more  or  less  flattened  ||  010;  faces  of  the  prism 
zone  vertically  striated.  Cleavage  perfect  ||  010,  in  traces  ||  100.  H.— 
5--S-5-  G.  =  a.3-2-45-  Before  the  blowpipe  swells  and  fuses  at  3.  to 
white  enamel.    Decomposed  by  acids  without  gelatiniistion. 

Oft.  Prop.  The  plane  of  the  optic  axes  and  the  positive  acute 
bisectrix  are  perpendicular  to  010;  the  axis  X  makes  an  angle  of  22°  with 
the  vertical  axis  in  the  obtuse  angle  ^  in  simple  crystals ;  in  other  crysUls 
this  angle  is  found  to  be  about  19°  in  central  parts  and  as  much  as  Z4°- 
34°  in  olher  parts.  The  optic  angle  is  large.  Axial  dispersion  is  weak 
with  p>v;  crossed  dispersion  also  weak.  Refringence  low;  birefringence 
rather  strong  for  a  zeolite. 

{  +  )  3B  =  93'  to  103° 

n  ^  MS 

",  — np  =  O-0l2 

Color  white,  yellowish  or  greenish.    Colorless  in  section. 

Alter.     Brewsterite  sometimes  alters  to  calcite. 

Occua.  Found  in  drusy  cavities  in  crystalline  schists  and 
basalt. 

DiAC.    See  heulanditc. 

EPISTILBITE. 

MoNOCLiNic  a:  &;c::o.S04:  i  10.580  CaAlj^Si^O,,  +  sH^O 

^  =  54*  53' 

Phys.  Char.  Crystals  always  twinned  and  prismatic;  also  in 
radiated  spherical  aggregates;  granular.  Twins 
crosses.  Twinning  on  too,  or  no.  Cleavage 
perfect  ]|  010.  H,  =  3.5-4.5.  G.  =  2,25.  Be- 
fore the  blowpipe  intumesces  and  forms  a 
vescicular  enamel.  Imperfectly  soluble  in 
HO  without  gelatinizalion. 

Opt,  Prop.  The  plane  of  the  optic 
axes  is  parallel  with  oto;  the  obtuse  bisectrix 
Z  makes  an  angle  of  9°  with  the  vertical  axis/0? 
in  the  obtuse  angle  ^.  The  elongation  is 
therefore  positive,  with  extinction  at  0°  to  9°. 
The  angle  of  the  optic  axes  is  large.  Distinct 
axial  dispersion,  p  <Cv.  Refringence  low  and 
birefringence  rather  weak.  When  heated  the 
extinclioii  angle  gradually  diminishes,  and  the 
mineral  becomes  finally  orthorhombic.  with 
Z  \\  c  and  X  ]|  fe;  upon  reabsorplion  of  water  "ngure  112. 

the  process  is  reversed.  Optica]  orientation  of 

epiatlibite. 
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STB_BITE 


(•,=  1.512    Jt„=i.5'0    «p=  1.502 

Colorless,    white,    pinkish,    reddish.  Colorless  in  section. 

OccOK.  Commonly  associated  with  stilbite,  and  other  zeolites 
in  cavities  in  crystalline  rocks. 

DiAC.  Differs  from  stilbite  and  njesolite  in  the  sign  of  the 
elongation,  and  has  much  stronger  birefringence  than  phillipstte. 

STILBITE. 
Mono.  a:  fc :  c::  0.762:  i  :  1.194  {Ca,Naj)AljSi80,„  + 6HjO 
0  -  50°  50' 
Phys.  Char,  Crystals  always  twinned,  as  in  phillipsite, 
with  001  as  the  twinning  plane,  producing  pseudoortho  rhombic 
forms.  Usually  flattened  ||  010;  often  grouped  in  sheaf-like  ag 
gregates  which  are  characteristic.  Also  radiated  or  divergent, 
spherulitic,  elongated  1 1  a.  Cleavage  perfect  1 1  oio,  in  traces  1 1 
001.  H.  —  3.5-4.  G.  =^  2.09-2.20.  Before  the  blowpipe  ex- 
foliates and  opens  to  vermicular  forms,  and  fuses  to  a  white 
enamel.    Decomposed  by  HCl  without  gelatinization. 

Opt.  Prop.  The  plane 
of  the  optic  axes  is  parallel  to 
oio,  the  negative  acute  bisec- 
,  trix  makes  an  angle  of  about 
5°  (from  0°  to  10°)  with  a 
in  the  obtuse  angle  ;8 ;  the 
axis  Z  therefore  makes  an 
angle  of  about  34°  with  c  in 
obtuse  angle  p.  The  elonga- 
tion parallel  a  is  therefore  — . 
The  angle  of  the  optic  axes  is 
considerable.  The  refrin- 
gence  is  low  and  the  birefrin- 
gence weak.  Like  phillipsite, 
and  for  a  similar  reason,  stil- 
bite is  said  to  be  actually  tri- 
clinic.  Upon  heating  it  be- 
comes strictly  orthorhombic. 

(-)    2E  =  52°±    {2V  = 
Hg  =  1.500      nm  =  1.498      Wp 
M(  —  Hp  ^  0.006 

Color  white,  yellowish,  etc.  from  impurities.  Colorless 
in  section. 

Occur.     Stilbite  is  found  in  cavities  in  basaltic  rocks; 
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it  also  occurs  in  fractures  in  acid  igneous  rocks,  and  in  metamor- 
phic  rocks,  especially  gneiss.    It  is  formed  in  some  hot  springs. 

DiAG.  Distinguished  from  phillipsite  and  harmotCMne 
by  its  lamellar  aggregates  and  lamellar  cleavage,  as  well  as  by  its 
extinction  angles  and  the  sign  of  the  elongation.  Heulandite  has 
the  positive  acute  bisectrix  normal  to  the  cleavage,  while  stilbite 
is  negative  and  its  optic  plane  is  parallel  with  the  cleavage. 

HARMOTOME. 

MoNa  a:  be::  0.703:  i :  1.231  (Ba,Kj)AljSijO„  +  sH^O 

j3  =  SS'  10' 
Phvs.  Char.    Crystals  very  similar  (o  Ihose  of  phillipsite,  but 
not    as    diversified.      Elongated    [| 


HARMCn-OI-E 


Cleavage  easy  ||  010,  difficult 
II  001.  H.:=4.s.  G.  =  244-2,50. 
Before  the  blowpipe  whitens, 
crumbles  and  fuses  without  intu- 
mescence at  3.;  lo-a  white  glass. 
Decomposed  by  HCl  without  gel- 
atin ization. 

Opt.  Pbop.  The  plane 
of  the  optic  axes  and  the  positive 
acute  bisectrix  are  perpendicular 
to  010 ;  the  axis  X  makes  an  angle 
of  62°±  with  c  and  with  o,  bi- 
secting the  obtuse  angle  ^.  The 
angle  of  the  optic  axes  is  large. 
Weak  crossed  dispersion.  The 
elongation  parallel  to  a  is  ±. 
(-|->  2H  =  8?' 

",  —  ftp  =  0.005 

Colorless,    white ;    yel-       ^ 
lowish  by  alteration. 

Occur.     Harmotome  occurs  in  basalt  and  also  in  1 
rocks ;  also  in  gneiss  and  in  lead  and  zinc  veins. 

DiAG.    Distinguished  from  phillipsite  by  its  optical 
also  by  greater  specific  gravity,  and  the  presence  of  barium. 


MoNocuNic? 


PHILLIPSITE  (Christianite). 

1.2563  (Ca.Kj)AljSi,0„  -1-  4HjO 


1  apparent 


c  : :  0.7095  :  1 
yS  =  55°  37' 
Phvs.  Char.  Crystals  always  penetration  twins ;  ii 
plest  type  the  twinning  plane  is  001,  and  the  crystal  presents  a 
orthorhombic  or  tetragonal  form.  Frequently  these  simple  twins  are  again 
twinned  to  form  crosses  with  arms  parallel  to  two  or  even  three  rec- 
tangular axes.  Also  found  in  radiating  spherulites.  the  fibers  elongated 
II  0.  Geavage  good  [|  001  and  aio.  H. ^4-4.5.  G.^z.2.  Fusible  at 
3.  to  a  white  enamel.    Gelatinizes  with  HCl. 
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Opt.  Prop.    The  plane  of  the  optic  axes  and  the  obtuse  bisec- 
trix X  are  perpendicular  to  oio;  the  acute  bisectrix  Z  makes  an  angle  of 
"     3  30*  with   a   in   the  obtuse 


PHIU-IPSITE 


wgle  /3;  therefore  Zac 
to  —44°,  The  elongation  is  + 
since  it  is  parallel  with  a.  While 
the  exterior  form  of  phillipsiie 
is  apparently  monoclinic,  the  op- 
tical properties  indicate  a  tri- 
clinic  mineral,  since  sections  par- 
allel with  001  give  extinction  at 
more  than  10°  from  the  traces  of 
010.  The  angle  of  the  optic  axes 
is  variable,  but  large.  The  axial 
dispersion  is  weak,  p  <  r.  The 
refringence  is  low  and  the  bire- 
fringence very  weak. 

(+}  zV  =  62°  to  80° 
n„  =  1.48-1.51 

"'T "? "~  °'"'''".  ,  optical 

Colorless,    white ;    yel- 
lowish or  reddish  by  alteration.    Colorless  ii 

Occur.  Phillipsite  occurs  in  druses  of  basalt  and  of  other  ig- 
neous rocks:  it  is  rare  in  metamorphic  rocks;  it  has  been  found  abund- 
antly in  red  clay,  and  other  deep  sea  deposits,  near  Hawaii ;  it  occlirs  of 
recent  formation  in  «ome  hot  springs.  It  is  especially  associated  with 
chabazite,  but  to  some  extent  also  with  thomsonite,  calcile.  apophyltite. 

Wellaitc  is  a  rare  zeolite  of  the  phillipsite  group  containing 
only  3HjO.  lis  crystals  are  like  those  of  phillipsite,  and  its  density  is 
2.3.  Cleavage  absent.  Optically  it  is  positive  with  a  large  axial  angle; 
the  acute  bisectrix  is  normal  to  olo;  XAe  =  —  52°;  birefringence  weak. 


ol   phillipsite. 


DiAC,     The   twinning   of   phillipsite 
s  compared  with  harmotome,  which  is  ra 


GISHONDITE. 


I  quite  characteristic   ex- 
;  and  has  different  optical 


Mono.  PsEunoTF.TitAmNAi,,  .\xinl  ratio  unknown  CaAl,{SiO^>, -f  4H,0 
Phys.  Char.  Crystals  always  apparently  tetragonal  bipyra- 
mids;  this  form  is  produced  by  twinning  on  two  laws.  Fracture  uneven. 
H.  =^4,.";.  G.=;  2.265,  Before  the  blowpipe  whitens,  inlumesces,  and  fuses 
to  a  milky  glass.     Easily  soluble  with  gelalinization. 

Opt.  Prop.  The  negative  acute  bisectrix  is  perpendicular  to 
010;  the  axis  Z  is  nearly  normal  to  100.  The  angle  of  the  optic  axes  is 
large.  The  refringence  is  low,  and  the  birefringence  is  weak.  Upon  heat- 
ing it  becomes  orthorhombic.  with  the  negative  acute  lusectrix  parallel 
lo  c  and  a  small  optic  angle. 
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(— )  2P'  =  82°  to  Sa- 
na =1-5385 
n,—  «P  =  0,008 
Colorless,  white,  grayish.    Colorless  in  thin  section. 
OccUB.    Found  in  volcanic  rocks  with  phillipsite,  etc.,  in  meta- 
morphic  crystalline  rocks,  and  in  basaltic  rocks.    Uncommon. 

Bavenite  is  a  zeolite,  recently  described,  chemically  related  (o 
jismondite.  The  formula  is  CajAl^(SiOj)|,  +  H.,0.  It  is  in  radial  fibrous 
aggregates  elongated  ||  e  and  flattened  parallel  100.  Cleavage  easy  ||  010. 
H.=:5-S.  G.  =  2.7Z-  The  acute  bisectrix  Z  is  normal  to  010;  X  Ac  = 
2''±.  2E  —  78'30'.  (2^  —  47°  13')-  «m— 1-58-  Found  in  druses  in 
pegmatite. 

DiAG.  The  exterior  form  distinguishes  gismondile  from  all 
other  zeolites.     The  twinning  is  also  notable. 


LAUMONTITE. 


MoKOCLIltftC 


■  USi 


'."Af," 


10.5906 


CaAljSi,0,j  +  4HjO 


Phys,  Char.  Crystals  commonly  prismatic,  more  or  less  ver- 
tically elongated  and  terminated  by  001,  5oi.  iii,  etc.  Faces  of  the  prism 
zone  are  vertically  striated.  Twinning  plane  loo.  Also  columnar,  radiat- 
ing. Cleavage  perfect  jj  oio  and  no,  difficult  |{  loo  and  3oi.  Laumontite 
sometimes  becomes  opaque  and  disintegrates  to  a  powder  on  exposure  to 
air.  H.  =  3.5-4.  Very  fragile.  G.  =  2.25-2.36.  Before  the  blowpipe  swells 
and  fuses  at  about  3.  to  a  white  enamel.    Gelatinizes  with  HCl. 


Opt,  Prop.  The  plane  of  the  optic 
negative  acute  bisectrix  makes  an  angle  of 
60°  to  65°  with  the  vertical  axis  in  the  ob- 
tuse angle  ^,  and  the  elongation  is  there- 
fore positive,  with  a  maximum  extinction 
angle  of  25°  to  30°.  The  angle  of  the 
optic  axes  is  moderate;  the  axial  dispersion 
is  very  distinct,  p<.v.  Inclined  dispersion 
very  weak.  Refringence  low ;  birefringence 
stronger  than  in  quartz. 

(— )  2£  =  52°24'   (red)   56°  15'  (blue) 
«g=i-52S  rt™  =  i.524  Hp^i.513 

Color  white,  colorless,  yellowish, 
grayish,  etc.    Colorless  in  section. 

Alter.  Laumontite  easily  loses 
one  molecule  of  water  :ind  becomes  opaque 
and  pulverulent ;  another  molecule  is  dri  ;en 
off  £t  low  heat. 

OccuB.  Found  in  veins  in  cry.i- 
talHne  schists,  clay  slate,  etc.;  also  in  cav- 
ities in  igneous  rocks. 


les  is  parallel 
LAUMONTITE 


;  the 


idb,Go(5glc 


404  OPTICAL  MINERALOGY. 

DiAC.  The  perfect  cleavage  in  the  three  directions  is  quite 
characteristic.  Further,  the  mineral  has  positive  elongation  with  a  large 
extinction  angle,  and  stronger  birefringence  than  phillipsite. 

CHABAZITE. 

PsEL'DOHEXAcoNAL  c  —  i.fiS6  (Ca.Na^)  Al,  (SiO,),  +  6H.0 

Phvs.  Chab.  Crystals  often  simple  rhombohedrons,  resembling 
a  cube,  since  lori  Alioi  =  85°  14';  sometimes  more  complex  forms: 
rarely  flattened  ||  0001.  Twinning  plane  commonly  oooi,  usually  in  pene- 
tration. Cleavage  distinct  {|  lofi.  H.  =  4.-5.  G.  =  2.08-2.16.  Before  the 
blowpipe  intumesces  and  fuses  to  dark  blebby  glass.  Decomposed  by  HQ 
with  separation  of  slimy  silica.     The  composition  is  somewhat  variable. 

Opt.  Prop.  Chabazite  is  considered  probably  tridinic  by  Becke 
and  Rinne,  and  the  pseudorhombohedral  cleavage  is  considered  to  be 
cleavage  parallel  to  001,  010,  and  100.  The  apparent  symmetry  is  hexag- 
onal and  many  crystals  are  optically  uniaxial,  or  very  nearly  so.  Others 
show  distinct  biaxial  figures ;  these  are  commonly  divided  into  sectors  of 
varying  extinction.  The  optic  angle  is  variable,  but  usually  small.  "  The 
sign  is  negative;  or,  positive,  perhaps  when  containing  more  water.  Con- 
siderable heating  changes  both  varieties  to  crystals  with  strong  positive 
birefringence.  In  natural  crystals  Ilie  rcfringence  is  low  and  the  birefrin- 
gence very   weak. 

(±)  aF^o"-?' 
«,=  1.488    n„=?    «p  =  1.48s 
»,  — np  =  o.f».l 
Color'  white,  colorless,  pink.     Luster  vitreous.     Colorless  in  sec- 

OccuR.  Chabazite  occurs  in  cavities  in  volcanic  rocks  often  as- 
sociated with  phillipsite:  it  is  found  in  fractures  in  crystalline  limestone 
with  stilbite,  laumontite,  thomsonite,  etc. :  in  crystalline  schists  it  occurs 
with  stilbite.  heuhnditc.  laumor>lite.  analcite.  etc. ;  it  is  quite  abundant  in 
certain  hot  springs,  where  it  is  of  recent  origin. 

DiAG.  The  exterior  forms  are  like  those  of  gmelinite  from 
which  chabazite  differs  in  cleavage  and  in  composition ;  it  differs  from 
other  zeolites  in  being  of  variable  sign,  nearly  or  quite  uniaxial,  and  of 
very   weak  birefringence. 

GHELINITE. 

PsEUDOHEX.vcoNAL  c  =  0.734S  (Na^.Ca)  Al^CSiO,),  +  6H.0 

Phys.  Chab.  Crystals  usually  apparently  hexagonal  or  rhom- 
tohedral :  prismatic  faces  often  horizontally  striated.  Penetration  twins 
frequent.  Twinning  plane  oooi,  or  3032.  which  corresponds  to  twinning 
parallel  to  loIi  in  chabn/ite.  Cleavage  easy  ||  io!o,  sometimes  distinct  || 
OOOI.  H,  =  4,5.  0.^2.04-2.17.  Before  the  blowpipe  fuses  at  about  J 
to  a  white  enamel.  Decomposed  by  HCi  with  separation  of  silica.  The 
composition  is  somewhat  variable,  but  similar  to  chabazite  with  more 
sodium. 

Opt.  Prop.    Simitar  to  chabazite  in  being  optically  positive  or 
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negative  with  frequent  biaxial  fibres  of  small  optic  angle ;  in  such  cases 
the  section  has  areas  of  varying  orientation.  The  refringence  is  low  and 
birefringence  weak,  but  somewhat  variable, 

(±)  21^  =  small 
(ij  =  M646-1.4803    «p  =  14637-1.4785 

"      Kj —  >tp  =  0.0009-0.0086 

Colorless,  white,  yellowish,  greenish,  pinkish.     Colorless  in  sec- 

OccuR.     Gmelinite  is  found  in  cavities  in  igneous  and  schistose 

DiAG.  Gmelinite  differs  from  chabazite  in  its  cleavage  and  com- 
position; it  differs  from  other  zeolites  in  being  of  apparent  hexagonal 
form,  nearly  or  quite  uniaxial,  and  of  variable  sign. 

ANALCITE. 

PsEunoisoMETRic  -  NaAI(SiO,),  +  H,0 

Phys.  Char.  Usually  in  trapezohedrons ;  also  in  modi- 
fied cubes,  or  in  more  complex  forms.  Also  granular  or  com- 
pact. Complex  penetration  twinning  very  common.  Qeavage  |1 
001  in  traces  only.  H.  =  5.-5.5.  G.  =  2.22-2.29.  Before  the 
blowpipe  fuses  to  colorless  glass.    Gelatinizes  with  HQ. 

Opt.  Prop.  Usually  isotropic  in  thin  section,  but  weak 
birefringence  is  often  found,  which  disappears  upon  heating  to 
130°  C,  at  which  temperature  analcite  becomes  strictly  isoinetric. 
When  anisotropic  analcite  has  very  weak  birefringence  and  a  very 
small  optic  angle  about  a  negative  bisectrix. 
( — )  2K  — very  small 
«=  1.487 

«,  —  Mb  ^  O.OOI 

Colorless,  white,  grayish,  greenish,  etc.  Colorless  in 
thin  section. 

Occur.  Analcite  is  usually  a  secondary  mineral  like  the 
other  zeolites,  and  it  is  known  to  be  an  alteration  product  of 
■nepheline,  leucite,  and  sodalite,  and  also  to  occur  in  cavities,  etc. 
closely  associated  with  other  zeolites.  But  it  also  seems  to  be 
formed  directly  from  the  cooling  magma  in  certain  basalts,  and 
other  volcanic  rocks. 

DiAG.  Analcite  is  characterized  by  very  low  refringence 
and  nearly  or  completely  isotropic  character.  It  differs  from 
sodalite  by  the  absence  of  color  often  present  in  the  latter,  and 
by  the  cleavage.  It  differs  from  leucite  by  the  absence  of  regu- 
larly arranged  inclusions  common  in  the  latter,  by  the  cleavage 
when  visible,  and  by  the  composition.     Analcite  has  higher  re- 
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fringence  than  opal,  and  distinctly  lower  relief  than  rock  glass; 
from  both  of  these  its  cleavage  also  distinguishes  it.  But  the 
chemical  tests  are  sometimes  necessary  to  identify  it  certainly. 


EDINGTONITE. 


:  0.673  BaAIjSijO,,  +  3H,0 

ite  and  apparently  letragonal ;  also 
!.  =  4--4-5-     G.  =  2,69-2.71.     Fusible 


OrthoAhoubic  a:b:c::o.q 

Phys,  Chab.  Crystals 
massive.  Cleavage  perfect  {|  lie 
at  s.    Gelatinizes  with  HCl. 

Opt.  Prof.  The  optic  plane  is  parallel  to  010;  the  acute  bisec- 
trix X  is  normal  to  001.  Dispersion  p<v  weak.  Color  white,  grayish, 
pink.    Luster  vitreous. 

(-)  2E  =  %7°n'  (2t'  =  S2°55') 
",  =  1-5540    "„  =  I.S492    "p  =  15382 
•«g  —  "p  =  0.0158 
Occur,    Found  with  oiher  zeolites.    Very  rare. 

NATROLITE. 
Orth.  a:b:c::  0.9785 :  i :  0.3536         Na,AljSisO,„  +  211^0 

Phys,  Char.  Crystals  nearly  always  prismatic,  much 
elongated,  commonly  acicular  to  fibrous.  The  prismatic  angle  is 
near  90°  producing  pseudotetragonal  forms.  Faces  of  prism 
zone  vertically  striated.  Often  in  interlacing  groups  or  divergent. 
Very  rarely  in  crystals  elongated  1 1  b.  Brogger  regards  some 
natrolite  as  monoclinic,  with  /S=r89°  55'.  Twinning  on  301  very 
rare,  in  penetration  crosses,  nearly  rectangular.  Microscopic 
twinning  on  no;  perhaps  also  100. 
Cleavage  perfect  ||  no;  imperfect  cleav- 
age or  parting  |[  oio.  11.^5.-5.5.  G. 
^  2.2-2,27.  Fusible  quietly  at  2.  to 
colorless  glass.  Gelatinizes  with  HO, 
Opt.  Prop.  The  plane  of  the 
optic  axes  is  parallel  to  010;  the  positive 
acute  bisectrix  is  perpendicular  to  ooi 
The  angle  of  the  optic  axes  is  large.  The  too 
refringence  is  very  low,  and  the  bire- 
fringence, slightly  stronger  than  that  of 
quartz. 

(-I-)  2V  =  6o'-62''  (2£  =  94°±) 
ng=  1485-1-493 

M„=  I.476-I.482 

«p—  I.473-I.480 

*»g Hj  —  O.OI2-O.OI3 


NATROLITt 
oot 


Figure  til. 

Optical   oriental  IDB   of 

natrotlte. 
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Color  white,  colorless,  grayish,  yellowish.  Colorless  in 
section. 

Twinning  on  no  may  be  so  regular  and  so  fine  as  to 
lead  to  an  apparent  uniaxial  condition.  Heat  modifies  natrolite, 
and  it  becomes  monoclinic. 

Occur.  Natrolite  is  found  in  basic  igneous  rocks,  such 
as  basalts,  occurring  as  an  amygdaloidal  filling.  It  also  occurs 
as  an  alteration  product  of  nepheline,  sodalite,  and  plagioclase  in 
syenite  and  more  basic  rocks. 

DiAG.  Natrolite  is  distinguished  from  thomsonite  by 
much  weaker  birefringence  and  the  positive  sign  of  the  elonga- 
tion ;  it  is  distinguished  from  scoJecite  and  mesoHte  by  having 
parallel  extinction  and  positive  elongation;  it  differs  from  epistil- 
bite  and  laumontite  by  having  parallel  extinction  and  a  positive 
bisectrix. 

SCOLECITE. 

Monoclinic  a:b:c::  o.gj6 :  i :  0.339  C^'^'i^'i*-*ii>  +  SH^O 

3  =  88°  50' 

Phys.  Char.  Crystals  slender,  prismatic,  vertically  striated: 
commonly  in  fibrous  masses,  divergent  or  radiated,  like  natrolite.  Twin- 
ning plane  commonly  100;  rarely  ito.  Cleavage  nearly  perfect  ||  110. 
H.=  5.-  5.3.  G.  =  2.ifi-i.4.  Before  the  blowpipe  somciimes  curls  into 
worm-like  forms  (whence  the  name),  and  fuses  at  about  2  to  a  white 
blebby  enamel.     Gelatinizes  with  acids. 

Opt.  Prop.  The  plane  of  the  optic 
axes    is    perpendicular    to    Oio;    the    negative  SCOLtClTt 

acute  bisectrix  makes  an,  angle  of  about  15°  ^^f 

with  c  in  the  obtuse  angle  ff.    The  refringence 
is  low,  and  the  birefringence  weak.     The  dis- 
persion of  the  axes  is  distinct  with  p<v. 
(-)  2f  =  36°26'   (a£^  36°  26'- 55°  44') 
«j  =  1-51*1    «„=  1.518?    «„  =  1.5122 
tig — "p  —  0.0072-0.0083 

Colorless  or  white. 

Occur.     Scolecite  is  found  in  cavi-    ""^ 
ties  in  basic  igneous  rocks,  and  also  in  crystal- 
line schists,  and  in  limestone  modified  by  ig- 

DiAG.  Scolecite  is  distinguished 
from  natrolite  bv  its  inclined  exlioclion  and 
negative  elongation :  from  thomsonite  by  its 
weaker  birefringence,  inclined  extinction,  and 

negative     elongation:     from     mesolite    by     its  ['"^''^^tatlo      t 

greater   angle   of   extinction    and    its   negative  siolecite. 
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elongation ;  frotn  stilbite  by  its  greater  angle  of  extinction  as  measured 
on  the  elongation., 

HESOLITE. 

Thicunic  Axial  ratio  unknown  mNa^Al^SijO^^i  +  2HjO 

-l-'iCaAt^SijO^^  +  sHjO 

Phvs.  Chab.  Crystal  form  very  similar  to  that  of  scolecite; 
commonly  finely  fibrous  in  divergent  groups.  Twinning  on  100  constant, 
but  only  visible  microscopically.  Cleavage  perfect  [{  no  and  lio.  H.^ 
5.  G.  =  2.2-2.4.  Before  the  blowpipe  swells  into  vermicular  forms,  and 
{uses  easily  to  a  blebby  enamel.    Gelatinizes  with  HCI. 

Opt.  ProI".  The  plane  of  the  optic  axes  is  nearly  perpendicular 
to  010;  the  positive  acute  bisectrix  is  sensibly  perpendicular  to  100.  The 
extinction  angle  in  a  section  parallel  to  010  is  about  5°  to  6°;  it  is  the 
same  in  a  section  parallel  to  100.  The  refringence  is  low,  and  the  bire- 
fringence very  weak.  Twinning  on  a  microscopic  scale  is  constant.  The 
angle  of  the  optic  axes  is  large;  the  axial  dispersion  is  very  marked  with 
P>v. 

(+)  21^  =  very  large. 
n  J  —  »p  =  0.004  ± 

Colorless,  white,  grayish  or  yellowish.    Colorless  in  section. 

Occur.    Mesolile  occurs  in  cavities  in  basic  igneous  rocks. 

DiAC.  Mesolite  is  distinguished  from  both  natrolite  and  scole- 
cite by  the  variable  sign  of  the  elongation.  From  other  zeolites  this  char- 
acter, the  fibrous  habit,  and  the  small  extinction  angle,  serve  as  distinc- 


PSEUDOHESOLITE. 

THirLiNic?  Axial  ratio  unknown  mNajAljSijO,^ -F  2H,0 

-|-nCaAljSi,Oj,  +  3H.O 

Phvs.  Char.  Pound  in  fibrous,  radiating  spherulitic  masses 
with  few  interlacing  libers.  Form  similar  to  that  of  mesolite,  but  twin- 
ning unknown.  Distinct  cleavage  in  two  dir^clicns,  coilsidered  lio  and 
ifo  by  analogy  with  mesolile,  H.  ^4.5-5.  G.  — 2.215.  Fuses  at  about 
2  williout  noticeable  change  of  volume  to  a  white  porcelain.  Gelatinizes 
with  acids  only. 

Opt.  Prop.  The  positive  acute  bisectrix  makes  an  angle  of 
about  20°  with  the  axis  of  elongation  c;  the  axes  X  and  Y  are  in  such  po- 
sitions as  to  produce  extinction  sensibly  parallel  with  the  diagonals  of  the 
rhombs  formed  by  the  prism  faces  in  cross  sections.  The  refringence  is 
very  low,  and  the  birefringence  very  weak.  The  angle  of  the  opt'ie  axes 
is  quite  small. 

(•(-)  at' ^  very  small 
»tg  —  «,  =  0.002  about 

Color  porcelain  white,  but  often  stained  pinkish  or  greenish. 
Colorless  in  thin  section. 

Occur.  Found  in  cavities  in  plagioclasite  of  Carlton  peak,  Min- 
nesota.   Rare, 
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DiAG.  Pseudomesolite  may  be  distinguished  from  mesolite  by 
ihe  sign  of  the  elongation,  the  large  extinction  angle,  the  very  small  optic 
angle;  from  natrolite  and  thomsoniCe  by  the  extinction  angle  and  the  small 
oplic  angle ;  from  scolecite  by  the  sign  of  the  elongation  and  of  the  acute 
bisectrix,  and  by  the  weaker  birefringence;  from  stilbite  by  the  small  op- 
tic angle,  and  by  the  sign  of  the  elongation  and  of  the  acute  bisectrix. 


THOMSONITE. 


Orth. 


tmomsonite: 


<i:&:c::o.993:ir  1.006  (Ca.Na^)  Al,(SiO,),  +  2>^H,0 
Phys.  Char.  Euhedral  crystals  rare;  habit  prismatic. 
usually  much  elongated,  prism  faces  vertically  striated.  Com- 
monly lamellar  {[  010,  sometimes  fibrous  to  columnar,  often  radi- 
ated. Geavage  perfect  l|  010,  imperfect  |1  100,  in  traces  ||  001, 
H.  =  5.-5.5.  G.  =  2.3-2^^.  Fuses  at  2  with  inttimescence  to  a 
white  enamel.    Gelatinizes  with  HCl. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to 
001;  the  positive  acute  bisectrix  is  normal  to  010.  The  refrin- 
gence  is  lower  than  that  of  orthoclase,  but 
the  birefringence  the  strongest  known  in 
the  zeolite  group.  The  angle  of  the  optic 
axes  is  large ;  the  dispersion  is  marked, 
with  p>v. 

(  +  )  2F  =  54'dz 
izEt-8s°  45'  2£v  =88°    36') 

«,:=  1.525  ««=  1.503   Mp=  1.498 
«,  —  Mp  =  0.027 

Colorless,     w  h  i  t  e,    yellowish,  ' 
pink.    Colorless  in  section. 

Occur.  Thomsonite  is  always 
closely  associated  with  other  zeolites  or 
with  prehnite.  It  is  found  in  cavities  in 
igneous  rocks  and  in  crystalline  schists. 
It  also  occurs  in  crystalline  limestone 
near  igneous  contacts.  It  results  from 
the  decomposition  of  plagioclase  or  of 
nephelite. 

LintooHe  can  not  be  distinguished  chemically  from 
thomsonite  and  mesolite  and  pseudomesolite,  but  it  differs  from 
them  in  its  optical  characters,  since  it  has  negative  elongation  and 
an  extinction  angle  of  about  19° ;  its  refringence  is  less  than  that 
of  thomsonite,  and  its  birefringence  is  much  stronger  than  that 
of  mesolite  and  pseudomesolite  (about  0.017),  though  less  than 
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that  of  thomsonite ;  the  optic  angle  is  very  small  about  the  posi- 
tive acute  bisectrix;  it  has  a  specific  gravity  of  2.37,  and  occurs 
in  very  short  fibers  of  somewhat  irregular  form  in  cavities  in 
basic  igneous  rocks  in  northern  Minnesota. 

Jacksbnite  is  very  similar  to  lintonite,  but  contains  less 
water;  it  has  positive  elongation  with  a  very  small  extinction 
angle ;  its  specific  gravity  is  reported  to  be  2.68-2.88,  and  its  hard- 
ness 6.     It  is  found  in  the  same  region  as  lintonite. 

Chlorastrolite  is  another  mineral  resembling  thomson- 
ite in  composition.  Optically  it  has  elongation  of  variable  sign, 
and  the  extinction  angle  reaches  about  20°.  It  has  distinct  pleo- 
chroism  from  colorless  to  light  green.  The  hardness  is  5.5  and 
the  specific  gravity  is  3.15.  The  only  analysis  shows  less  water 
and  more  iron  than  are  found  in  thomsonite.  It  is  found  in  north- 
ern Minnesota. 

DiAG.  Thomsonite  is  readily  distingushed  from  all 
other  zeolites  by  its  stronger  birefringence ;  it  differs  from  others 
also  in  having  elongation  of  variable  sign,  and  parallel  extinction. 

HYDRONEPHELITE. 

Hexagonal  ■  Axial  ratio  unknown      HXajAIi{SiO,),  +  3H„0 

Phys.  Char.  Commonly  apparently  massive,  compact, 
microscopically  somewhat  fibrous  and  scaly.  Indistinct  prismatic 
cleavage.  H.  =  4.5-6.  G.  —  2.26.  Easily  fusible  to  a  white 
enamel.     Gelatinizes  with  HCl. 

Opt.  Prop.  Uniaxial  and  positive.  The  refringence  is 
low  and  the  birefringence  weak. 

n  =  1.49 
Hg  —  Up  —  o.oio  about 

Color  white,  pink,  gray  to  grayish  black.  Colorless  in 
thin  section,  butr  sometimes  clouded  by  dark  dusty  particles. 

Occur.  Hydronephelite  is  often  an  alteration  product 
of  nephelite  (whence  the  name) ;  it  is  also  derived  from  sodalite, 
and  is  therefore  commonly  found  in  nepheline  syenite  or  related 
rocks.     It  is  frequently  associated  with  thomsonite.  diaspore,  etc. 

Ranite  is  a  variety  containing  about  5%  CaO;  it  oc- 
curs from  the  alteration  of  nephelite  in  syenite  of  Norway.    Rare. 

DiAG.  Hydronephelite  is  characterized  by  its  positive 
uniaxial  character;  it  is  distinguished  from  other  uniaxial  zeo- 
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lites  (and  from  natrolite,  which  sometimes  forms  uniaxial  groups 
by  twinning)  by  its  stronger  birefringence. 

ZEUNERITE,  see  lorbernite. 

ZINCITE. 

Hexagonal  c  =  1.622  ZnO 

Phys.  Char.  Crystals  rare,  hemimorphic.  Usually 
foliated  massive,  or  granular.  Qeavage  perfect  i]  0001,  some- 
times distinct  |[  lolo.  H.  =  4.-4.5.  G.  =  5.43-5.7.  Infusible. 
Soluble  in  acids. 

Opt.  Prop.  Uniaxial  and  positive.  Refringence  very 
high,  n  =  2.  approximately ;  n,  —  ttf  —  0.021  approximately. 
Color  deep  red;  rarely  orange  yellow.  Streak  orange  yellow. 
Luster  subadamantine. 

.^LTER.     Atmospheric  alteration   produces   smithsonite. 

Occur.  Found  with  franklinite  and  willemite  in  Yew 
Jersey.    Rare. 

ZINNWALDITE,  see  mica  group.     ZIRCON,  see  rutile  group. 
ZOISITE,  see  epidote  group. 


Moissanite  and  the  following  new  minerals  are  not  included 
in  Part  111.  as  information  concerning  them  was  not  available  when  the 
tables  were  electrotyped. 

HILLBBRANDITE.  > 

Orthorhoubic  Axial   ratio'  unknown  (CaOH)jSiOj 

Phys.  Cbak.  Fibrous,  often  in  radial  spherulitcs.  Cleavage 
prismatic.  H.  =  5.5.  G.  =:  2.692.  Fusible  difficultly  to  colorless  glass.  Sol- 
uble in  HCl. 

On.  Prop.  The  position  of  the  optic  plane  is  variable  or  un- 
certain, apparently  parallel  with  010.  The  obtuse  bisectrix  Z  is  always 
parallel  with  c.  The  refringence  is  moderate,  and  birefringence  weak. 
The  optic  angle  (2E)  Is  possibly  between  60°  and  80°  ;  axial  dispersion 
p<Cv,  is  very  strong,  giving  abnormal  interference  colors. 
(-)   2E  =  70"? 

ng=l.6l3±  0.003    «m='    «p=  1,60s  ±0,005 
Color  porcelain  white  or  greenislt.  Colorless  in  section. 
•F.  B.  Wright:  imrr.  Jour.  Be.  XXVI.  1808.  p.Wt. 
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Occur.  Found  with  carbonate,  yellow  garnet,  and  wollastonite 
in  a  contact  zone  in  Mexico.    Very  rare. 

DiAG.  Hillebrandite  is  characterized  by  its  ■  moderate  relief, 
weak  birefringence,  moderate  optic  angle,  and  strong  dispersion  producing 
abnoimal  interference  tints. 

SPURRITE.  1 
MoNocuNic?  Axial  ratio  unknown  CaCO^  ■  aCaSiO^ 

Phys.  Chak.  Granular  masses  with  two  cleavages,  one  good 
II  001  and  one  poor  ||  loo  (?).  Cleavage  angle  79°.  Twinning  on  odi, 
and  an  orthodome  making  an  angle  of  about  57°  with  OOi,  the  latter 
polysynthetic.  H.  =  5.  G.  =  3.014.  Infusible.  Soluble  in  HCI  with  ef- 
fervescence   and    gelatinization.      Etching    figures    suggest    triclinic    sym- 

Opt.  Prop.  The  optic  plane  and  acute  bisectrix  X  are  normal 
to  010,  and  Z  is  sensibly  parallel  with  a.  The  refringence  is  high  and 
the  birefringence  strong,  while  the  optic  angle  is  moderate.  Distinct 
crossed  dispersion,  with  p  >  »  weak. 

(-)    2E  =  7o'    (2^  =  39/.°) 

n,  =  1.679  "m  —  1-^74  «p  =  1.640 

"j  — «p^o039 

Color   pale  gray,  bluish,   yellowish.     Colorless   in   section. 

Alter.  Alteration  to  carbonate  in  fine  aggregates  occurs  fint 
along  cleavage  planes  and  fractures. 

Occur.  Found  with  yellow  garnet,  calcite,  and  gehleniie  in 
a  zone  of  contact  metamorphism  in  Mexico.    Very  rare. 

DiAG.  Spurrite  is  recognized  in  thin  section  by  its  ftrong 
birefringence,  imperfect  cleavage,  moderate  optic  angle  of  negative  sign, 
and  high  relief. 

'  F.  E.  WrlRht:  Amer.  Jour.  8c.  XXVI.  1908.  p.  B47. 
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TABLES  FOR  THE  DETERMINATION  OF  MINERALS 
MICROSCOPICALLY. 

In  the  table  which  follows  minerals  are  primarily  classed  as: — 
A.  Opaque.  B.  Isotropic,  C.I.  Anisotropic,  uniaxial,  C  .II.  Anistropic,  bi> 
aiial,  and  then  are  subdivided  on  the  basis  of  their  retringence.  In  order 
to  use  this  property  of  refringence  with  more  precision  the  following  scale 
has  been  adopted ; — 

Scale  of  refringence. 

1.  Fluorite.    Very  low.  n  <  1.52. 

<Limit  orthoclase  n^=  1.523-1.526 

2.  Quartz.    Low.    n>  i.S2<  i-SS- 

<  Umit  muscovite  «„  =  1.587-1.605 

3.  Common  hornblende.    Moderate,    n  >  1.59  <  1.66. 

<  Limit  enstalite  n^  —  1.656-1.665 

4.  Augiie.  High,   n  >  1.66  <  1.75 

< Limit  stauroiite  Bj— 1.746-1.75  + 

5.  Zircon.  Very  high.  n>  1.75. 

Whenever  a  direct  comparison  by  the  Becke  method  can  be  made  be- 
tween the  indices  of  the  unknown  mineral  and  those  of  the  common  min- 
erals thus  selected  as  limits  an  absolutely  accurate  classification  is  possible 
even  though  the  differences  in  the  indices  are  very  slight.  For  this  pur- 
pose not  only  are  the  minerals  named  above  available,  but  other  common 
mmerals  are  very  near  the  limits  selected.  Thus,  in  addition  to  orthoclase 
we  have  microcline  with  m^^  =:  1. 522-1. 526  and  anorlhoclase  with  "„  ^ 
1.521-1.525;  whh  muscovite  we  have  brown  and  green  biotile  for  which 
"g=  I-57!M-6o3  (omitting  black  varieties),  dinochlore  with  «,„  =  i.586- 
1.588,  and  tak  with  n„,  =  1.589;  in  p'ace  of  enstatile  we  may  use  bronzite 
with  n„=  1.668,  or  pure  calcite,  with  «j=;  1.6585,  or  pure  diopside  with 
1^  —  1.671-1.677,  or  the  common  iron-poor  positive  varieties  of  olivine 
which  have  n^^;  1.654-1.672;  finally,  instead  of  stauroiite  we  may  use 
grossularite  garnet  with  »=  1.744-1.757,  or  epidote   (rich  in  iron)    with 

Further,  the  comparison  by  the  Becke  method  of  the  indices  of  an  tm- 
"  known  mineral  with  those  of  any  known  mineral  with  which  it  may  be 
in  contact  will  always  give  at  least  one  limit,  and  in  connection  with  the 
visible  amount   of   relief   this   may   be   sufficient. 

But  it  is  believed  that  minerals  can  be  accurately  classed  in  this  scale 
of  refringence  in  nearly  all  cases  simply  by  comparing  the  relief  of  the 
unknown  mineral  with  that  of  the  various  type  minerals  selected,  or  with 
that  of  the  minerals  selected  as  limits.  For  this  purpose  the  type  minerals 
or  the  limiting  minerals  may  be  sought  in  sections  already  available,  or, 
more  conveniently,  they  may  be  all  mounted  with  the  proper  orientation 
to  show  the  indices  desired  in  a  single  slide.  Such  a  slide  would  then 
serve  as  a  standard  for  comparisons. 

In  view  of  the  foct  that  an  unknown  mineral  is  usually  cut  in  an  in- 
definite direction,  and  that  therefore  its  relief  may  correspond  to  any  of  its 
indices,  or  to   any   intermediate   values,   all   minerals   are   entered   in   the 
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table,  not  on  the  basis  of  the  mean  index  of  refraclion,  but  in  as  many 
places  as  necessary  to  express  the  whole  range  of  the  indices  of  refraction. 
Further  subdivisions  in  the  first  table  are  based  on  the  birefringence. 
For  convenience  in  the  use  of  this  character  the  following  scale  has  been 
employed. 

Scale   of  birefringence. 

1.  Leucite.    Very  weak,    n, —  «j|<o.0035.      Dark  grays 

2.  Orthoclase.     Weak.    «,  —  »p>  0.0035  <  0.0095.      Gray  and  white 

3.  Hypersthene.     Moderate.  n^  —  n^>a.oO95<io-0i&5.  Yellow  and  red 

4.  Augite.     Rather  strong,    k^  — «p>o.Ol85  <a0Z75.  Blue  and  green 

5.  Diopside.     Strang,    n^  —  Bp>  0.0275  <o.o355.     Yellow  and  red 

6.  Muscovite.     Strong,     Bj  —  nj,>  0.0355  <  0.0445-       Blue  and  green 

7.  Acmite.    Very  strong,    w^ — ttj,  >  0.0445  <  0.0565.  Yellow  and  red 

8.  Titanite.    Extreme,    n,  —  nj>  0.0565.      Greenish  and  violet  grays 

Since  all  anisotropic  minerals  may  be  cut  so  as  to  give  the  lowest 
interference  colors,  only  the  maximum  birefringence  is  a  property  of  de- 
terminative value,  and  it  is  necessary  to  assume  that  the  maximum  inter- 
ference color  can  be  obtained  from  the  given  unknown  mineral.  But  in 
the  case  of  minerals  whose  maximum  birefringence  varies  with  variation 
in  the  composition,  as  in  hornblende,  the  names  are  entered  in  the  tabula- 
tion in  as  many  places  as  necessary  to  express  such  variations. 

Further  subdivisions  in  the  groups  of  minerals  having  similar  refrin- 
gence  and  birefringence  are  based  on  characters  often  more  difTicutt  to 
determine,  or  subject  to  exceptions.  Thus,  each  group  is  first  divided  into 
positive  minerals  and  negative  minerals,  and  then  each  division  is  classified 
according  to  the  crystal  system,  beginning  with  the  system  of  greater 
symmetry:  finally,  in  the  small  groups  thus  established  the  minerals  are 
classified  according  as  they  have  no  elongation,  positive  elongation,  plus 
or  minus  elongation,  or  negative  elongalion. 

Other  characters  expres.sed  in  the  (able,  but  not  used  in  the  classifica- 
tion, include  the  optic  orientation,  extinction  angles,  coior,  pleochroism. 
cleavage,   optic  angle,   dispersion,  and  chemical  composition. 

The  use  of  the  table  may  be  illustrated  by  the  following  examples.  In 
section  No.  H  331  a  colorless  mineral  occurs  which  is  anisotropic  with 
pale  yellow  of  the  first  order  as  the  maximum  interference  color.  The 
thickness  of  the  section  is  about  O.025  mm.,  as  determined  from  the  Wre- 
fringence  of  known  minerals  in  the  slide;  the  birefringence  of  the  unknown 
mineral  is  therefore  about  0,013,  or  moderate.  The  mineral  has  no  relief: 
sections  which  remain  dark  on  rotation  between  crossed  nicols  show  that 
it  is  uniaxial  and  negative.  By  reference  to  the  general  classification  on 
page  418  these  characters  are  ample  to  indicate  that  the  mineral  belongs  in 
group  2c  on  page  433.  In  this  group  the  only  negative  mineral  with  a  bire- 
fringence of  0,013  is"  dipyrc.  This  determination  is  confirmed  by  the  pres- 
ence of  cleavage  in  two  rectangular  directions  in  basal  sections  and  cleav- 
age parallel  lo  Ihe  optic  axis  in  vertical  sections. 

As  an  illustration  of  a  determination  depending  upon  more  charac- 
ters, and  somewliat  more  complicated,  the  following  may  serve.    A  good 
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thin  section  of  a  peculiar  dark  grayish  green  massive  rock  from  Montana 
contains  numerous  sections  of  a  strongly  pleochroic  mineral  (green  and 
yellow),  with  high  relief  like  that  of  augite;  its  highest  interference  color 
is  yellow  of  the  second  order,  which  indicates  strong  birefringence.  If  it 
were  impossible  to  obtain  characteristic  interference  figures  to  determine 
whether  the  mineral  is  uijiaxial  or  biaxial,  by  reference  to  the  general  ciass- 
ilication  on  page  418  it  will  be  seen  that  since  the  mineral  is  anisotropic 
with  high  rcfringence  and  strong  birefringence  it  must  be  found  either  on 
page  43g  under  group  4e'Cif  uniaxial),  or  on  page  460  under  group  4e  (if 
biaxial.).  The  mineral  has  good  cleavage  in  two  directions  nearly  at  right 
angles,  therefore  it  is  neither  tourmaline  nor  hematolitc  (see  page  439) 
and  must  belong  on  page  460.  The  mineral  is  elongated  parallel  to  the  in- 
tersection of  the  cleavages,  and  one  infers  that  the  cleavages  are  prismatic 
and  (he  elongation  parallel  to  c.  The  extinction  in  vertical  sections  varies 
from  0°  to  about  30°  ;  therefore  the  mineral  is  monoclinic.  The  direction 
of  elongation  is  always  negative  and  the  angle  between  Z  (or  Y)  and  c  is 
nbout  Co".  The  only  mineral  with  this  extinclicn  angle  in  the  group  46 
(page  460)  is  aigirinaugite.  The  pleochroic  formula  confirms  this  deter- 
mination, as  well  as  the  fact  that  the  mineral  is  actually  biaxial  and  posi- 
tive. In  the  preceding  description  the  last  named  characters  were  not 
used  in  order  to  illustrate  the  use  of  the  tables  when  certain  characters 
could  not  be  determined. 
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Success  in  using  the  following  analytical  tables  depends  wholly  upon 
accuracy  in  assigning  a  mineral  to  the  group  in  which  it  belongs;  there- 
fore the  following  general  classification  should  be  used  with  the  utmost 


A.  Opaque.  Pttt. 

I.    Always  opaque  in  thin  section 420 

n.     Subtranslucent  to  t^aque  in  thin  section 422 

B.  Isotropic. 

I.  Amorphotts    424 

II.  Isometric, 

1.  Refringence   very  low  <  1.52 425 

2.  Refringence    low  >■  1.52  <  1.59    426 

3.  Refringence    moderate  >  1. 59  <  1.66    426 

4.  Refringence    high>  1.66<  I.75     426 

5.  Refringence   very    high>  I.75 W 

C.  Anisotropic 

I.     Uniaxial  and  II.     Biaxial. 

0.  Indices  unknown    440 

1.  Refringence    very    low  <  1.52 

a.  Birefringence   unknown    W 

a.  Birefringence  very   weak<o.o03S 430  44^ 

b.  Birefringence    weak  >  0-0035  <,ao095    4J0  4** 

C.  Birefringence  moderate  >o.oog5<  0.018s   4JI  44^ 

d.  Birefringence   rather   sirong  >  0.0185  < 0.0275 43'  *^ 

e.  Birefringence    strong>o.0275  <0O3S5    431  440 

f.  Birefringence    strong  >  0.0355  <ao44S     431  .■■ 

g.  Birefringence   extreme  >0J)S6S    432  449 

2.  Refringence    low  >  i.52<  I.S9- 

a.  Birefringence    unknown     *^ 

a.  Birefringence   very   weak<o.o035 43^  45^ 

b.  Birefringence    weak>o.0O35<O-0093    43^  45^ 

c.  Birefringence  moderate  >  0.0095  <  0,0185    433  45' 

d.  Birefringence    rather    strong  >  0.0 185  <  0,0275 433  45* 

e.  Birefringence    strong  >  0,0275  <  0.0355    ' *U  ^ 

t.  Birefringence   strong  >  0,0355  <  0,0445    434  453 

g.  Birefringence   very   strong  >  0.0445  <o-t>565 434-4" 

h.  Birefringence  extreme  > 0,0565    435  453 
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CLASSIFICATION  OF  MINERALS.  419 
GENERAL  CLASSIFICATION  OF  MINERALS— (Cont.). 

Anisotropic.     (Cont.) 
I.    Uniaxial  and  II.  Biaxial.    (Ctmt) 

3,  Refringence   moderate  >  1.59  <  1.66 

a.     Birefringence  unknown  454 

a.  Birefringence  very  wealc<o,O035-; 435  454 

b.  Birefringence    weak  >  0.0035  <  O.0095    436  454 

c     Birefringence  moderate  >  0.009s  <  0.0185  43^  454 

d.  Birefringence    rather    strong  >o.oi  85  <  0.0275 437  455 

e.  Birefringence  strong  >  0.0275  <  0.0355    437  45^ 

I     Birefringence    strong  >  0,0355  <  0,0445    437  456 

g.     Birefringence   very    strgng  >  0.0445  < 0,0565 438  457 

h.     Birefringence  extreme  >  0.0565    438  457 

4,  Refrlngence   high  >  1,66  <  1.75. 

a.      Birefringence    unknown     457 

a.  Birefringence   very   weak  >  0>X)35 439  458 

b.  Birefringence  weak  >  0.0035  <  0,009s   439  458 

c.  Birefringence  moderate  >  0,0095  <  0,018s  439  458 

d.  Birefringence    rather    strong  >aoi83  < 0,0275 439  459 

e.  Birefringence    strong  >  0.027s  <o-03SS    439  460 

f.  Birefringence    strong  >  0,0355  <o.a44S    ■■■■ 440  460 

g.  Birefringence    very    strong  >  0,0443  <  0,0565 44a  461 

h.     Birefringence   extreme  >  0,0565    440  461 

5,  Refringence  very  high  >  1.75, 

a.     Birefringence    unknown    462 

a.  Birefringence  very   weak<o.o03S 441  462 

b.  Birefringence  weak  >  0,003s  <  0.0095    44i  462 

C     Birefringence    moderate  >  0,0095  <  0.0185     4+2  462 

d.  Birefringence    rather    strong  >  0,0185  <  0,0275 442  463 

e.  Birefringence   strong  >  0,0275  <  0.0355    442  463 

f      Birefringence    strong  >  0.0355  <0.O44S    443  4^3 

g.     Birefringence    very    strong  >«.o44S<  0,0565 443  4^3 

h.    Birefringence  extreme  >  0,0565    444  46.1 
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C.  (II).  Anisotroi 


0.    Indices  unknown 


SIGN 

SYST. 

ELONGATION 

OPT. 
OEIENT. 

COLOR 

ABSORP. 

CLEAVAGE 

Sign  I  Dlrec 

ExtAng. 

7 

Mono. 

Pyrsm. 

IA'=5>i" 

Colorlefa 

Dirt.  B 100 

T 

Mono. 

T 

11^ 

Opt.  PI.  II  «long. 
1   de«v.± 

Colorless 

llelong. 

: 

? 

7 

1 

T 

TAf=-<»Ji° 

Cobtlm 

II 010 

+ 

Orth. 

+ 

Wet 

ZIU 

X||» 

Colorlesa 

DiM.ll  001 

+ 

OrtK 

+. 

II 010 

Xlld 

Zlla 

YeUow  in 

7 

Perf.l|01D 

+ 

Orth. 

+ 

u 

ZUf 

xik 

Redinmus 

7 

Dirt.  11 010 

+ 

Orth. 

^ 

II 001 

YU<r 

zm 

Zoniwcbrowi 

7 

7 

+ 

Mono. 

? 

7 

ZAa= 
42= 

Yll* 

YeUow  to 
blown 

Pleoch. 

Pcrf.l|100 
Poor  II 010 

+ 

Mono. 

7"  to  15" 

x\\i 

ColoricN 

Pert.  II 100 
Pert.  II 001 

+ 

Mono. 

+ 

II 001 

ZAf= 
-67° 

Yll* 

Green  in 

7 

Perf.||001 

" 

+ 

Mono. 

+ 

II 1^ 

+17'' 

Xll* 

Yy^oSiX^ 

? 

Perf.11010 

+ 

Mono. 

- 

II  f 

XA<^= 
45° 

ziia 

Brown 

Weak 

None? 

- 

Orth. 

+ 

nooi 

XIlT 

Zlk 

ColoriessT 

Pert.  :  001 

- 

Orth. 

+ 

Ik 

Zllc 

xiu 

^S3^ 

? 

Dirt.  11100 

- 

Orth. 

f 

II 010 

Xll* 

Z||<r 

Z>Y>X 

Perf.  ■  010 

PoorllOOLlOt 

- 

Orth. 

+ 

lU 

zik 

xik 

Greqiiih 

7 

Perf.  :  010 

_ 

Orth. 

+ 

IIOOl 

xii^ 

Zlli 

Blue  green 

T 

7 

- 

Orth. 

+ 

11 001 

xii^ 

Zi\a 

Zblne 
Y=X  green 

.    7 

Perf..  001 
Poor  II 100 

- 

Orth. 

+ 

Ik 

0° 

2IU7 

Bine 

Strong 

7 

- 

Orth. 

± 

Ik 

Y||<r 

XII A 

Brown 
(pleoch.) 

lf>X>27 

Perf.  li  OW 
Perf.  11  110 

- 

Orth. 

- 

11  001 

Zlk 

xik 

Coloriew 

Poor:  100 

- 

Orth. 

- 

Ik? 

Xllf 

Yii* 

'"^US^' 

7 

1010 

- 

- 

Mono. 

PjT. 

XA^ 
-25= 

Zlli 

Colorlen 
to  rellow 

7 

Dirt  I  110 

- 

Mono. 

7 

7 

+75° 

xjk 

Redtognr 
in  mass 

7 

Dirt.!  100 

-.  (r 


cuiicjjA.OOglC 


Biaxial  Mlaerals.  . 


- 

OPT.  ANG. 

DISP. 

NAME 

coHPosrnoH 

7 

2£-=110° 

Incl. 
marked 

Cnapidiiie 

CajSiOtwitb  CaFi7 

Jtomg 

Lwge 

? 

Dawwnite 

NaAlCOH)rfX>. 

' 

2£=SS'' 

croBs. 

Wapplerite 

; 

'■ 

2tfo=liy 

P>«' 

Molybdite 

HoOi 

7 

2£=70° 

TOrrMnne 

Otpiment 

AKSg 

2£^W± 

P>v 

Hemafibrite 

Miw(OH)>AsO<+HiO 

' 

Urge 

P<v 

Flinkite 

HiiAi04'2HnC0H), 

2/^=95= 

iDCl.    dist 

Tiiplite 

CFe.MnF)(Fe^)PO. 

2/r^l04° 

7 

Heintzite 

KMgA0..+8H^ 

! 

2^=82" 

/•>» 

Lodlamite 

Phos.  oi  Fe^ 

2f=75' 

7 

Hiibnerite 

HnWOi 

■1  ' 

Small 

7 

An.ofMn,Al,H 

■? 

2£=108'' 

eii 

Laotbauite 

L«,(C0,>+9Hrf) 

2^=54" 

/"<» 

Eo^borite 

Pbos.  of  AMln.H 

1     V 

Very  large 

Moderate 

LeiJdocrodte 

FeOCOH)? 

2^=96"^: 

7 

Brochantite 

Cu«(OH).SOi 

2£^7'' 

•trong 

Seipierite 

SuL  of  Zn,Cu,H 

2tf=76= 

P<v 

Gerbardtite 

CtiCN0,),-3Cn(0H), 

7 

P<v 
strong 

SuL  of  Al.Ca3 

1      ' 

Strong 

SmaU 

P>v 

Haoganite 

MnO(OH) 

1     ? 

2£=74''± 

P>v 
marked 

Childrenite 

Pboa.  of  AUe.H 

1     ^ 

7 

7 

Langite 

C(u(OH).S04+HiO 

I     ' 

2H=6V 

P>v 
wMkhorit 

Dnrangite 

Na(AlF)AsO. 

2£=174° 

p>v 

Hureaulite 

HdiiuP0*+4H,0 

■■- 

^J— .«* 

- 

C.u:,..J.AA)1>^1C 

D„ii„.db,  Google 


idb,Go(5glc 


C.  (II).  Aoisotropic  £ 


o. 

IndicM  unknown  (Cont) 

SIGN 

SYST. 

ELONGATION 

OPT. 
ORIENT. 

COLOR 

ABSORP. 

CLEAVAGE 

Sign 

Dine 

EitAng. 

- 

Mono. 

-25° 

Xlld 

Blue  to  green 
inmau 

7 

Poor  11 UO 

- 

Mono. 

+ 

II 001 

1"± 

Z|M 

'^i^r,Kr 

7 

Peri.  II 001  1    , 
Dist  II  UO  I    ■ 

- 

Mono. 

* 

\\6 

0= 

Yll^ 

Cotorlesi 

Perl.  11 001 

- 

Mono. 

di 

11^ 

YA^= 
-28= 

Zll^ 

T 

? 

Pert  now 

- 

Mono. 

± 

M 

Ylli 

""-^i? 

RedinmasB 

7 

Prism! 

- 

Mono. 

- 

11010 

XA<^ 
+62°± 

Zlli 

Colorless 

II 010 

! 

- 

Mono. 

- 

lU 

ZAf- 
+10". 

Y||* 

Blue,   green? 

? 

Pert  11 001 

1 

1 

- 

Tri. 

+ 

Ik 

Eit.  on  010 

XllOOi 

Onnge 

? 

Perf.  II 100 
Perf.  [  OM 

- 

Tri. 

+ 

II 001 

XA^- 
30° 

L"30™± 

Brown  to  ^el 
low  in  mass 

? 

PcrilltBO 

- 

Tri. 

- 

11^ 

XA^- 
+23' 

^AS= 

Z  blue  gnca 

Z>X>Y]  Poor  i:  010 

Refringence  very  low  <1.52 
a.    Birefringence  unknown. 

7 

Ortli. 

BxlU 

Opt  PL 

nioo 

Coloriess 

Poor  il  111 

_ 

? 

Mono. 

7 

11  ir 

Bxl|<»± 

Vlli 

Coloriess 

7 

+ 

Orth. 

+ 

[\c 

Zik 

XII  a 

Coloriess 

Pert  11 010 

+ 

Orth. 

± 

varies 

Xlk 

ziii 

Colorless 

Peif.11001 
Distil  010 

+ 

Mono. 

^*? 

Ylli 

Blue  in  mass 

7 

+ 

Mono. 

"AT 

1«i 

ColorlMS 

+ 

Mono. 

Pyr. 

ZA^ 
76° 

YIK 

Colorless 

Pali;  111 

+ 

Mono. 

± 

11^ 

ZA^- 
+68° 

Xjjd 

Coloriess 

Poor  U  001 

- 

Mono. 

XA^= 
-52° 

Z||# 

Colorless 

Pert  II 001 

- 

Mono. 

+ 

lU 

ZA^ 
+30° 

XII* 

Colorless 

Perf.  11 100 

- 

Mono. 

- 

XA^ 
-44° 

Yll« 

Coloriess 

Noner 

- 

Mono. 

_ 

1* 

■'&r 

XD* 

Colorless 

Pert  II 100 

idb,Go(5glc 


ixial  Minerals  (Cont.) 


1 
«„  1  «p 

«r-»P 

OPT.  ANG. 

DISP. 

NAME 

COMPOSITION 

1 ' 

? 

2£'=133'' 

P<v 

UroGoniU 

An.  of  AUCuJI 

'  ' 

7. 

2E=:66° 

P<^ 
strong 

Herrengnuidite 

(Cu.CaWOHWSO,), 

'■ 

Strong 

iff=65" 

7 

Lanarkite 

Pb.SOs 

_ 

- 

' 

strong 

T 

? 

ZHCa(0H)!SiO3 

7 

7 

2y^^83° 

7 

SarkJnite 

Ma<A»0,)»MnCOH), 

? 

T 

2If=li2° 

7 

Copiapite 

FeAOn+lSH* 

7     1      ? 

2E=13T>± 

.tronaJncl. 

CUnodMite 

CiuCOHMsO, 

7 

7 

2E=63° 

strong 

Amarautite 

Fe&0H-7IW) 

1  ? 

7 

IZ/t^SS" 

7 

RSmerite 

FeFet(SO,)*+12HiiO 

' 

? 

? 

? 

Ca^i(hXa(,0H)2 

1.47 

2£=100='± 

7 

Fluellite 

AIFi+HjO 

|l.471 

2£=Tr 

p;-w 

(NH4),Mg(SOOrf6IW) 

1.51% 

2I'=45° 

i'<-^ 

NcwDcr^tc 

HitePO.+3HiO 

1.502 

— - 

2iE'=60''± 

strong 

Strarite 

NHHMgP0^+6H^ 

|l.491 

2^=49" 

/>>!' 

Cjanochroite 

KsCu(S0.)j-|-6a0 

'l.47 

2P'=48° 

P>* 

Picromerite 

KiMg(SO0i+6HiO 

;i,46 

? 

2£=90= 

Incl.  diat 

Kieserite 

MgSOi+HiO 

? 

^ 

2£=120°± 

..^1,:*^ 

PacbDolite 

NaCaAlF«+H^ 

'. 

2^=70° 

te^ 

Thomsenolite 

NaCaAIF.+H* 

? 

■~ 

2^=123" 

crossed 
strong 

Uirabflite 

NaiSO^+lOHtO 

1.500       7 

2^=70" 

IncL  dist 

BlOdite 

MgNa,CS0.)s+4H^ 

^.50          T 

2£'=137" 

,<. 

Tiona 

HNa3i-CO»)rf2HiO 

idb,Go(5glc 


idb,Go(5glc 


idb,Go(5glc 


448 


C.  (11.)  Aoisotropic  I 


Refringencc  very  low  <  i-Sa 

a.     Birefringence  very  weak  <C  0.0035 


SIGN 

SYST. 

ELONGATION 

OPT. 



ABSORP. 

Sign 

Direc. 

Ext  Aug. 

OWENT-l     ^"""^ 

■.  ' 

+ 

Orth.? 
Ps.1*. 

Z||«     1    CoIorlcM 

j 

+ 

Orth. 
Ps-Hx. 

- 

1001 

Zjl. 

X\\i 

ColorieH 

+ 

Mono. 

+ 

no 

^^^ 

xu« 

Coloriew 

Dist'OOl 
Dist .  flW 

+ 

Tti 

+ 

■u 

'^ 

1 

Coloiless 

Dist  li  110 
Dist  li  110 

± 

Tri 
PfcHi. 

Bx.l0001± 

Colorieu 

DfaLllOiljI.1 

- 

Ps-ls. 

1 

Colorlets 

b.     Birefringence  weak  >  0,0035  <■  0.009s 

T 

Mono. 

±    1    Ik 

+17" 

Xlld 

ColorleM 

Perf.lll)W 

+ 

Orth. 

variei 

ZM 

XI)  it 

CoiorleM 

Dist  II 001 

+ 

Mono. 

ZA.- 
—44- 

Xll^ 

Colorle»i 

Perf.ll»l 

DiitllllO 

1.: 
1. 

-1. 
1. 
1 
1 

+ 

Uono. 

± 

B. 

+"62°± 

Zll* 

Coiories. 

Dist  II 010 

+ 

Mono. 

- 

1010 

Tuiei 

Z||« 

Colorie» 

Perf.  liOlO 

+ 

Ta 

± 

II. 

YA^ 
5"^ 

Z||<i± 

Colorless 

Peri,  li  110 
Perf.lllIO 

± 

PiH». 

Colorless 

Dist  11 1010 

- 

M.no. 

or± 

11  a 
orU 

XA"- 
+5° 

Z|l» 

Colorless 

PofJlOOl 
Dist  11 010 

- 

Mono. 

- 

M 

+5= 

Y||* 

Colorless 

Perf.  II 010 

_ 

Mono. 

- 

II. 

XA.= 
+15° 

zii* 

Colorless 

Perf.  If  110 

„ 

Tri. 

- 

II  010 

Elton 
010" +5° 

Eit.  on 

001=415= 

Colorless 

Pert  II 001 
Dist  II 010 

c.     Birefringence  moderate  >  0.0095  <  00185 

+ 

Orth. 

+ 

11. 

Z||. 

Xlla 

Colorless 

Pert  II  m 

+ 

Orth. 

- 

Ik 

Xll^ 

T 

Coiories* 

I 

f 

Mono. 

- 

II. 

+22°" 

Zlli 

Coloriesi 

Pert  II 010 

+ 

UOQO. 

- 

M 

XA«= 
-8" 

ZIIA 

Colorless 

PeitllOOI 

1 

idb,Go(5glc 


ixial  Minerals  (Coat.) 


448 


». 

"p 

««-«p 

OPT.  ANG. 

DISP. 

NAME 

COMPOSITION 

> 

1.508 

0.001 

VerrnMll 

7 

KMSUOt 

- 

1.478 

7 

0.0(8 

2£-=66'' 

T 

Tridjmite 

SiO, 

1.48 
to  1.51 

T 

0.OO3 

2K=70= 

weak 

PhiUipute 

(KfcC«)Ali(SiOj).-l-4HiO 

L- 

T 

0.002* 

VeiT  wnall 

7 

SiL  of  Al,Ca^a,H 

I 

! 

1.4S5 

0.003 

Small 

7 

Chabaate 

(Ca.Nai)Ali(SiOs).+6Hrf) 

1.487 

! 

O.OOI 

VerysmaU 

7 

Analcite 

NaAl(SiO,)H-H,0 

low  1     ■    . 

W«k 

ZVhLTge 

7 

HordeniU 

StI.  of  Al.CaJia.K3 

1.470 

T 

7 

2£=153'' 

P>v 
weak 

Thenardite 

NatSOi 

1.364 

7 

Weak 

2^=59° 

Horii. 

Cryolite 

Na^lF, 

i 

! 

1.503 

0.005 

2^=87" 

Croued 
weak 

Si),  of  A].K.Ba.H 

s 

1.199 

1.498 

0.007 

2£=5r± 

CiMsed 
rtrorg 

HeuUndite 

H,C«AWSiO,>+3IW) 

ir 

7 

OMSi: 

2KlaiBe 

Hesolite 

SiL  of  Al.Ca,Na,H 

? 

1.4637 
-1.4785 

0.0009 
-0.O086 

0.007 

2K  wnall 

7 

GmeUnite 

Sil.  of  Al.Ca  Jia  JI 

1.5Z37 

1.5190 

2f=69°± 

&. 

OvtlUMlM* 

1.498 

1.49* 

0.006 

2£-=52'>± 

7 

stawte 

SiL  of  Al.CaJfa.H 

1.5187 

1.5122 

0.007 

2.fi-=55"± 

*'<i' 

Scolecite 

CaAbSijO,o+3H,0 

01.5236 

1.5194 

0.007 

2r=83°± 

p>v 
Horii. 

KAlSiaOs 

i  1.476 
):-1.482 

1.473 
-1.480 

0.012 
-0.013 

2£=94<'± 

weak 

Vatndito 

NatAl,SioO,„+2H,0 

1^^ 

7 

0.017 

2rBmaU 

7 

Untonite 

SiLofAl,CaJ4a4I 

1.45 

7 

0012 

2£=9e"d= 

P>v 
weak 

Btewrterite 

Sil.  of  ALSr.Ba.Ca,H 

1.510 

1.504 

0.012 

2F^^^° 

iii 

Petalite 

LiAI(SiiOs)i 

idb,Go(5glc 


idb,Go(5glc 


idb,Go(5glc 


L  Rrfringence  very  low  <L52  (Cont) 

c.    Biiefringence  moderate  >a0095  <0jD18S.  (Cont) 


SIGN 

SYST. 

ELONGATION 

OPT. 

COLOR 

ABSOItP. 

CLEAVA(»;'   1 

Sign 

Dine 

Ext  Ang. 

- 

Mono. 

+ 

II  c 

+9° 

YII* 

Colorlew 

Perf.  II  own.; 

- 

Mono. 

+ 

lie 

-27° 

YM 

Colorless 

Perf.  II  010  .  . 
Peri  Illl0|'' 

- 

Mono. 

± 

lU 

YA<:  = 
-3° 

Z\\6 

Colotlew 

Perf.  11  no'  , 

Pert  11  100.'-' 

d.    Birefringence  rather  Strang  >0.01fl5  <0.0275 


+ 

Orth. 

Zllo 

XII  <r 

Colorless 

None      h 

+ 

Orth. 

+ 

lU 

ZWc 

XII  « 

Colorleu 

Dist  i;  OlO  1 

+ 

Orth. 

* 

lU 

XII  a 

Z\\b 

Coloden 

Perf.  11 010  il-S 

- 

Orth. 

* 

lu 

Zll" 

xiii 

Colorleu 

Perf.  IIOIO  'l.< 

- 

Orth. 

± 

iU 

ZM 

Xli« 

Coloilew 

Pert  row  |U 

- 

Mono. 

+ 

II 001 

XA<= 
-9- 

1\b 

Colorless 

Perf.  [.  IM  I  . 
Distil  110  ■  ■■ 

- 

Mono. 

i: 

Ik 

XA" 
—56° 

XII* 

Colorless 

Perf.  1- 109  ,  , 
Dirt,  r  110  1 

- 

Tri. 

+ 

II  001 

XlOOli 

%b^ 

Colorless 

Perf.  II  001  1 

e.    Birefringence  strong  >0.0275  <0.0355 

+ 

Hono.7 

± 

IIOIO 

ZAf= 
-50°± 

Y|li 

Colorless 

Dirt.  11211 

+ 

Mono. 

- 

ll^- 

^-^P 

YII* 

Colorless 

Perf.  11  Ml 

+ 

Mono. 

- 

IM 

Z|U± 

YII* 

Blue  in  nuus 

? 

Perf.  i:  001 

+ 

Uono. 

- 

Il<r7 

Zllai 

YII* 

Blue  in  msss 

7 

Peri.  Ii  001 

- 

Orth. 

± 

Ik 

Zlla 

XII  A 

Colorless 

Perf.  IIOIO 

1. 
1^ 

- 

Orth. 

± 

Wc 

XII* 

Z||* 

Colorless 

Perf.  II 110 

Birefringence  extreme  >0.0565 


+ 

Orth. 

± 

Ik 

XII  a 

Zlb 

Coloriew 

n™  !i. 

+ 

Mono. 

ZA.= 
-11° 

XM 

Colorless 

1  001,  Oil  ',. 

no    h 

- 

Orth. 

- 

Ik 

X  II  c 

Z\b 

Colorless 

Pal. !  on  |,j 
Piw  1  010     ' 

- 

Mono. 

± 

11" 

ZA^ 
-14" 

XII* 

Colorless 

p«i.rno'i] 

cuiicJiCoOglC 


xial  Mioerals  (Coat) 


1 

1     "B 

«!■ 

««-"■ 

OPT.  ANG. 

Dia". 

NABIE 

COMPOSITION 

3 

I.SIO 

1.502 

J.OIO 

2£'=72°± 

52 

EpiitUbite 

aCaAWSJO,).+3H.O 

1.524 

1.513 

J.012 

2£=54° 

stroDg 

1.517 

1.5000 

0,0183 

2E=U° 

S 

Syugenite 

KTCa(S04),fltO 

71.4753 

1.4665 

0.0272 

2E=liS' 

P<v 

CunaUite 

EHgCU-|-6HtO 

1.526 

' 

0.025 

2^=70°^ 

T 

Wavellite 

(A10HXPO,>t-5HtO 

1.503 

1.498 

0.027 

2£=87' 

S 

Sil.  of  AlCaJ^aJl 

6 

1 
13 
15 

1.4801 

1.4568 

0.027 

2£=70° 

iS 

GosUiite 

ZnS04+7HiO 

1.4888 

1.4669 

0.025 

2£=64'' 

dirt. 

NiSO<+7HjO 

1,5061 

1.4947 

0.(Q56 

2I'=84= 

iDCl. 

dist 

Kainite 

MgS0.Ka+3H,0 

1.4686 

1.4468 

0.0247 

2£=59° 

dou'ddW. 

Boru 

NtoB^Or+loaO 

1.46 

7 

Kathei 

IttODK 

2£-=ll'' 

None 

SassoUte 

HgBOs 

M 

1.502 

7 

Strong 

2^=103'' 

p>v 
rtrong 

ProMpite 

CaAVF.OH>, 

1.47 

T 

T 

2^=86° 

P>v 

HeUnterite 

FeS0,+7HK> 

? 

' 

? 

2^=86° 

7 

PiuniU 

(Fe,Cu)S0*+7H* 

? 

' 

T 

? 

T 

BootUte 

CuSO.+7HjO 

1.4554 

1.4325 

0.028 

2£'=78'' 

f>v 
weak 

Epsomite 

MgS0,+7HK) 

1.501 

1.495 

0.031 

2£=84<' 

;s 

Netquehonite 

MgCOH-3H20 

S 

n 
i 
u 

1.50M 

1.5043 

0.O71 

2J^=48" 

7 

PiTMonite 

C«NaKCO,)rf2H.O 

1.5552 

1.4900 

0.15OT 

2F=84= 

P<v 
weak 

C»C*,+IH) 

1.505 

1.334 

0.172 

2E=V 

? 

Niter 

ENO* 

1.515* 

1.443. 

0.060 

2E=^° 

strong 

GaylusMte 

CaKaKCOj),+SIW) 

cuiicjjA.OOglC 


idb,Go(5glc 


idb,Go(5glc 


C.  (II.)  Ailsomplc  Bk 


2. 

Refringence  low  >  1.52  <  i-59 
0.     Birefringence  unknown 

STST. 

ELONGATION 

OPT. 
ORIENT. 

COLOR 

ABSORP. 

a£AVAGE 

".h 

Sign 

Direc. 

EbttAng 

+ 

Orth. 

+ 

\ie 

1\\c 

Xlli 

Gi«en 
in  mast 

t 

T 

T 

- 

Mono. 

+    |[100l 

XlOOli 

YllA 

Colorleu 

Peri.11001  1 

+ 

Orth.? 

+ 

II  <r 

Z  If 

? 

Giecn 

? 

7 

.9 

± 

Mono. 

± 

II  001 

(f± 

Yll* 

XcolorleH^b 

Z=Y>X 

Perf.  II  001 

- 

Mono.?   1    + 

II  001 

0°± 

7 

Z-YWue 
XcoloilcMib 

Z=Y>X 

Pert  r  001 

b.    BirefringcDce  w««k  >0.0035  <0.0095 

+ 

Rhom. 

0" 

ZIU 

Colorieu 

Now 

.SS 

.a 

+ 

Uono. 

± 

DOlO 

%^ 

Yll* 

Colorleu 

Peri.  11 010 

+ 

Mono. 

± 

yooi 

■■'■^s 

Ylli 

Colorlm 

P«f.[|0OJ 

.9 

+ 

Mono. 

UOOl 

0=± 

Yll* 

Y=Xgr«o 

z<y=x 

Perf.11001 

T. 

+ 

Tri 

or  ± 

or  |{  c 

Ext.  on 
010= 

+20= 

Ext.  on 
001= 

+4" 

Colorien 

Perf.  IIOOl 
DUtliOlO 

1.S 

+ 

Tri.  ■ 

or~± 

II  « 

Ext.  on 
010- —4° 
to  -10" 

Elton 
001= 

0°  to  —2" 

Colorieu 

Perf.  11 001 
IXstllOlO 

1-* 

+ 

Tri. 

or± 

11  ^ 

Ext.  on  010 
=  —20° 
to  -25° 

Ext  on 

001=— 5° 
to  -11° 

Coiorieia 

Perf.  IIOOl 
Distil  010 

l.S 

± 

Tti 

or  ± 

or  Ik 

Ext.  on 
010=0° 

to +15° 

Ext  on 
001= 

0°to+2° 

Colorieu 

Perm  001 
DktIIOlO 

1.5 
-15 

^ 

Tri. 

or^ 

II  f 

Elton 
010= 

-33° 

Ext  on 
001= 
-18° 

Colorieu 

Perf.  IIOOl 
Dirt.  II 010 

1.5 

^ 

Orth. 

+ 

ilOOl 

XII*: 

Zll-* 

Colorieu 

Perf.  IIOOl 
Poor  1;  100 

l.» 

- 

Orth. 

+ 

li. 

Zljf 

T 

-Coloriess 

Poor/i^ 

'<■ 

- 

Orth. 

+ 

II  100 

Xi;<i 

ZU 

T-5^orle» 

wealc 
Z>Y=X 

Peri.  11 IM 

"•■ 

- 

Orth. 

± 

IIOOl 

XII* 

YU^ 

Colorieu 

Perf.11100 
Perf.  II 010 

T-'SnTioT 

Dirt.  11 010 

1.5 

- 

Orth. 

± 

u^ 

YIU 

Xlld 

Colorieu 

- 

Orth. 

~ 

1. 

X[l<: 

ZM 

UiiuUt  color- 
kM.  Zblniib 

y:^x 

Distil  010 

1.5 
.1.5 

CiiicjjA.OOglC 


jal  Minerals  (Coot.) 


-. 

.. 

"c-^p 

OPT.  ANG. 

DISP. 

NAUE 

coBiPOsrnoN 

1.555 

? 

T 

2i:=106" 

7 

FUcherite 

A1P0.-A1C0H>, 

1.54± 

7 

T 

2^=112°± 

7 

Sepiolite 

HdlgKSiO*). 

1.5,    1     , 

'- 

2Kniall 

7 

Gamierite 

SiL  of  Hg^i.H 

7 

]l.576 

0.003 

2£^iniaU 

rtmng 

P«auU»lto 

SI.  of  A1,MftFe3 

1     !     7 

7 

2Finu]l 

•tiong 

iCiiniU 

7 

|l.5M2!o.O091 

Umiu'L  Sinlr 

2f=45°± 

? 

See  qoartrine,  etc. 

SiO> 

1,S2Z7 

1.52040.0092 

2£-=95' 

xJ:Z^ 

Gyp«« 

CaS0.4-2tW) 

1.5457 

1.S453 

D.O055 

2»'=29° 

dist 

EudidTinite 

HNaBeSUO. 

1,58 

L.S331 

L.553 

7 

P<v 

Chlorite 
(Prochlorite) 

Sil.ofAl.Fe,Mg.H 

1.529 
1.549 

0.010 
0.007 

1V=7P±, 

f<'.' 

iDCl. 

AlUto 

NaAl^sOi 

10  90" 

P<V 

b»™. 

AbiAoi  to  AbtAna 

1.5578 
■li639 

1.5548 
-1.5611 

0.0075 

-aoo8 

2r^77= 
to  80= 

J^ 

AbiAm  to  AbiADi 

1.5415 

1.5373 
-15417 

0.0084 
-O.O073 

2K^80° 
to  90° 

p<V 

crossed 
p>v 

p<V 

OUcooUm 

AbitAn.  to  AbiAni 

ls73 

1.569 

•1J74 

0.009 

2r=80" 
10  90" 

BrtovMlt* 

AbiAng  to  AbiAiui 

Hl.5579 

1.5520 

0.0088 

2f=121° 

w«k 

BerylloDite 

NaBePOi 

1.556 

7 

0.009 

2K  targe 

•  ' 

Okenite 

lW:aSi,(V|-H.O 

jl.570 

'  7 

0.007  i 

ze-llOf'zt 

p>v 
weak 

IbHg>SiiO> 

1» 

1.5645 

0.0043 

2^-31° 

7 

Epididimite 

HNaBeSuO. 

l.59:t 

T 

weak 

2£=20'' 
10  32" 

P<v 
weak 

(S-Hopeite 

ZiwP,0»+4HiO 

!|l.S32 
» 1-1562 

1.534 
-L552 

0.006 

■aoii 

to84'' 

P<v 
weak 

Sil.ofAlJIg,Fe4I 

it.ooglc 


idb,Go(5glc 


idbyGoOgIc 


C.  (II.)  Anisocropic  B 


2. 

Rrfringence  low  >L52  <tS9  (Cont) 

SYST. 

ELONGATION 

OPT. 
ORIENT. 

COLOR 

ABSORP. 

CLEAVAGE 

Sign 

Direc. 

Ext  Aug 

- 

Mono. 
Ps.Tet 

Z\\a± 

XII* 

Colorieu 

None 

- 

Mono. 

+ 

II  001 

'%' 

zu 

Coloden 

Pert  II 001 

- 

Uoiio.7 

+ 

11001 

0P± 

1 

Z,Yblue 
X  colorless 

z-y>x 

Perf.  II 001 

' 

- 

Mono. 

ot± 

or  11^ 

to -20" 

Zll* 

Colorless 

Perf.  II 001 
Distil  010 

..5- 

„ 

Mono. 

or± 

111 

+50 

Zll* 

Colorless 

Dist  II  010 

1.53 

- 

Tri. 

or± 

or  II  c 

Ext.  on 
010= +5° 

Ext.  on 
001= 

+15° 

Colorless 

Perl  II  001 
Dist  II  010 

1.5J 

- 

Tri. 

or± 

or  Ik 

Eit.on 

010= +r± 

001 =+2' 

Colorless 

Perf.  II 001 
Dist  II 010 

1.53 

c    Birefringeiice  moderate  >0.0095<aOl85 

7 

Orth. 

± 

!if 

7 

Yllf 

Colorless 

, 

15S 
1.55 

+- 

Orth. 

+ 

u 

Z  11^ 

xi:  a 

Z>Y=X 

ii« 

+ 

Orth. 

+ 

u 

ZU7 

7 

Green? 

7 

' 

+ 

Orth. 

- 

■Ik 

X||c 

Zlla 

Colorless  to 
red  In  mass 

7 

7 

+ 

Mono. 

2\\C±: 

Ylii 

Colorless 

None 

1.5! 
l.S 

+ 

Mono. 

+ 

1 " 

■fir 

YIU 

Colorless 

Perf.  II 001 
Dist  II  010 

+ 

Mono. 

± 

II  001 

'%= 

Y||A 

Colorless 

Perf.  n  110 

1.51 
1-5J 
1-5 
? 
l.S. 

+ 

Mono. 

- 

11  c 

10" 

Z||* 

Colorless 

Perf.  11  010 

+ 

Mono. 

- 

liOOl 

ZlOOlzfc 

Yll* 

Z  colorless 
Y=X  green 

Z<Y=X 

Perf.  |!  001 

+ 

Mono. 

- 

II  001 

ZAf=8° 

YIIA 

Green  in 

? 

Perf.  1:  001 

- 

Orth. 

X\\c 

ZWa 

Colorless 

Perf.  1  110 

- 

Orth. 

u 

X\\c 

Z\\a 

ColoricM 
Rarely 

Rare 
Y>Z>X 

IMsttOlO 

1.5H 

tc 
1-54 

- 

Mono. 

■  + 

11. 

YII4 

Colorless 

Perf.  ;  010 

1.5., 
? 

7 

- 

Mono. 

+ 

11001 

XlOOli 

7 

rmlyZ-Ypink 

Z=Y>X 

Pert  1  001 

- 

Mono. 

+ 

iiooi 

XlOOli 

7 

^1^^^ 

Z=Y>X 

Perf.  n  001 

Ciiicjj.X'OOglC 


axial  Minerals  (Coot.) 


OPT.  ANG.      DISP. 


COMPOSITION 


CaAliSuOii-(-4H»0 


2Fsii)aIl        Strong 


"I 
i^l.SiSl 

lcJl.5237 

"i 
UJ1.S236 

isi  .52941 


1.5190  0.OO7 


5194 
1.5234 


•*JL530+ 

1.523"' 

0.015* 

2yuigt 

7 

Hydromsgaesite 

3MgCO.-MgCOH).+3H* 

1,54± 

7 

0.O13 

2£^32°± 

? 

H4Mg.S«0, 

:i.55 

? 

7 

2£n[ijill 

7 

Deweylite 

H«Mg,S«0,. 

Bt.56SO 

1.5600 

0.U139 

2^=75- 

dist 

Elpidite 

NaiZr(Sirf).)j 

i  [1  570 

1.569 

0.013 

2V^2S''± 

&- 

Wagnerite 

CMgF)MgPO, 

fl1.SSB6 

1.5835 

0.0106 

2»'z=87'± 

7 

Cdsisn 

J7 1.5759 

1.5736 

0.0141 

2£'=85<' 

7 

Augelite 

A](OH)aAlPO« 

»1.5455 

1.5392 

0.0117 

2r=86'' 

7 

Brushite 

HCri^i+2H^ 

*  1.588 

1.585 

0.011 

2£-40»± 

varies 
2i-65°± 

raries 

p<v 

SL  of  AI.BIg.Fe.H 

1.5B3 

? 

7 

P<^ 

Sil.  of  Al.Fc.Mg.H 

» 15492 

1.5382 

0.O15S 

2£:-87° 

pCv 

BaAliSiiOiu+3HiO      . 

1  1-538 

to 

i  1.552 

1.534 

to 
1.552 

0.006 

to 
0.011 

2^=39" 
to 
84" 

P<V 
weak 

Sil.o£AUe,Mg,H 

i,l.S24 

1.513 

0.012 

2£=S2'' 

p<V 

UumoDtite 

H,CaAIiSt40i,+2HiO 

1    ' 

7 

0.014 

2KBDial1 

7 

D«le>Mit« 

Sil.  of  AU'e.Mg.H 

T 

? 

0.010 
■0.012 

2Kniiall 

7 

Chamodte 

Sil.  of  A],Mg.Fe,H 

Ci:,icJj,(...OOglC 


idb,Go(5glc 


idb,Go(5glc 


C.  (11.)  Anisotropic  I 


Refringenee  low  >L52  <1J9  (Coot) 
c.    Birefringeiice  moderate  >0.(I09S  <0.01S5  (Cont) 


SIGN 

SYST. 

ELONGATION 

OPT. 
ORIENT. 

COLOR 

ABSORP. 

CLEAVAGE    « 

Sign 

Direc. 

Bit  Ans- 

- 

HODO. 

- 

+27° 

zu* 

Colorless 

Perf.  tO10|l.! 

- 

Tri. 

or  ± 

Ju 

Bit.  on 

Ext.  on 
D01=  -31' 

Colorless 

Perf.  J  001  ,  , 
DisLI'OlO  r 

d.    Biiefringence  rather  strong  >0.0185  <0.D27S 

+ 

Orth. 

+ 

\\c 

^ZIU 

X|io 

Colorleu 

Distil  110 

Distil  010  1 

+ 

Orth.7 

+ 

U7 

7 

211^7 

Y.!c'T«il*w?rb 

Z>Y=X 

7      ! 

+ 

Uono. 

- 

Bool 

21°  to  44° 

Xll« 

Colorless 

Perf.  II 001  1.! 

- 

Orth. 

+ 

11001 

Xllf 

ZM 

Colorless 

kS  -' 

- 

Orth.7 

+ 

uoon 

0° 

Xlk7 

YeUowto 
colorless 

7 

DistllOOlT 

~ 

Orth. 

+ 

II  001 

XII  ir 

Zlli 

Golden 
yellow 

None 

Peff.ll001  1.5 

- 

Orth.? 
Orth. 

+ 

11  100 

XII  <• 

Zl|<r 

Zireenordltk 

SI™ 

Z>Y>X 

Perf.Dl«>|    ■ 

- 

± 

lU 

YU 

XII* 

Colorless 

Perf.  II 100  ; 
MstllOlO  ' 

_ 

Orth. 

- 

il  001 

X\\a 

ZIU 

Colorless 

001.  m  ,, 

010. 100    '•* 

- 

Mono.7 

+ 

II  001 

X  IU± 

7 

Z.  Y  yellow 
X  colorless 

Z=^Y>X 

Perf.  II 001  1 

- 

Tri. 

X  II  001  and  llo 

Colorless 

es'-^ 

e.    Birefringence  strong  >0.0275  <0.0355 

+ 

Mono. 

-12° 

XWi 

YpfnMor. 

Z>Y>X 

Dtst  II  no 

- 

Orth. 

+ 

110017 

X|k± 

7 

Colotless 

Perf.  II 001? 

- 

Orth.7 

+ 

II  001 7 

X|[^± 

7 

Colorless 

Perf.  11 001? 

_ 

Mono. 

+ 

II 001 

xik± 

Z|[i 

Colorless 

Perf.  II 001 

1.; 

- 

Mono. 

+ 

II 001 

xik± 

Y||* 

2.  Y  brown 

Z>Y>X 

Perf.  11 001 

1.; 
-i.( 

- 

Mono. 

+ 

II 001 

X|it± 

Yll* 

Z.  Y  brown 
X  colorless 

Y>Z>X 

Perf:  il  001 

L5 

- 

Tri. 

X  between 

-a.+d,+c 

Colories* 

Perf.  II 110 
lift  111 

1.! 

3jGo(5glc 


■xial  Mioerals  (Conr.) 


;  «« 

«p 

Wg-flp 

OPT.  ANG. 

DISP. 

NAME 

COMPOSITION 

17,1.5891 

1.5825 

0.0112 

2^=112^ 

P>v 

PharmacoUte 

HCaAs04+2lW)7 

m|i.5837 

1.5757 

0.0127 

toTS" 

p<v 

CaAltSiiO. 

(A10H)»Pi0b-5H30 


r7'l.5347 
r9'l.5948 

~>1.54 

-! 

7  .1-575 

'l.57± 

1^ 

!l.59± 


N8CBeF)C8(Si0g> 


SiL  of  Al.Fe^a,K.H 


Ca(UOi)iPiOa+SH>0 


SiL  of  Fe.Mg^l.H 


1    1.593 


Zti3Pi0g+4H30 


H*Fe«(Si04VI-2HiO 


Lij  A1(F.0H)  \¥0, 


z 

r 

,.548 

1.544 

0.028 

2^=41° 

.->. 

Botryogen 

Mg(FeOHXSOi)rf7H*0 

? 

7 

strong 

2£-^40°± 

? 

Bravaisite 

Sil.  of  Fe^g4t,Ca.H 

? 

7 

0.03± 

2£--20=± 

7 

Themophyllite 

SiL  of  ALMg;4a,H 

1-587 
-1.593 

-1.560 

-0.049 

2£=70°± 

p>v 
weak 

UlUOOTlto 

H!(ItN8)AWSi0i). 

s 

1.574 
■L638 

1.541 
-1.586 

0.033 
■0.060 

2i:=0°tol5= 

fKv 

Bl«tlt* 

SiL  of  ALFcMg^ 

1 

1.582 

1.5S4 

0.028 

2£' small 

7 

LerArierite 

H7d.al11m.dL 

64 

1.5394 

1.5156 

0.O3O8 

2£^=93'' 

/'<w 

Chalcanthite 

CuSO,-|-5H.O 

idb,Go(5glc 


idb,Go(5glc 


idb,Go(5glc 


453 


C.  (II.)  Asisoiropic  B 


2. 

Refcingence  low  >L52  <L59  f  Cont) 
f.    Birefringence  itrong  >a0355  <aOM5 

SICT 

SYST. 

ELONGATION 

OPT. 
ORIENT. 

COLOR 

CLEAVAGE 

Sign 

Mrec. 

ExLAng 

+ 

Orth. 

X||<: 

Zllo 

Colorlen 

Pation 

SIS! 

1.6: 

- 

Orth.7 

+ 

II 001 

XII  tf± 

Z|* 

Colorlen 

Peif.  II  001 

i.a 

- 

Mono.? 

+ 

II 001 

Xll<7± 

7 

Colorlew 

Perl  1001 

7 

- 

Mono. 

+ 

II  001 

Xll^i 

ZWb 

Colorlen 

Peiieoai 

i.y 

- 

Mono. 

+ 

II  001 

X|k± 

Z\b 

Colorie« 

Perf.  1  001 

J 

- 

Mono. 

+ 

IIOOl 

\lc± 

ZWb 

Colorless 

Perf.  II  001 

1.61 

-■ 

Uono. 

+ 

II 001 

XIU± 

Yll* 

X  coi^Tl^ 

z>y>x 

Pert  1001 

160 

- 

Mono. 

+ 

IIOOl 

00.70 

y|j  * 

Z.  Y  brown 
X  yellowish 

Z>Y>X 

Perf.  1001 

T 

- 

Mono. 

+ 

IIOOl 

X1|e± 

Ylli 

^!"xTC 

z>y>x 

Perf.  1001 

l.V. 
-LK 

- 

Mono. 

± 

II 001 

"-'S? 

Zll  * 

Colorless 

Perf.  1001  I    ? 

g.    Birefringence  Tery  strong  >0.0445  <0.0565 

+    1    Mono. 

+ 

lU 

XII  i 

Colorless 

now 

1.6 
1.5 

3 

+        Mono. 

± 

lU 

45° 

YS* 

Colorless 

Perf.  li  010 

+ 

Mono. 

± 

II  c 

62" 

X[|* 

Z,  Y  colorless 
X  dark  hlue 

Z=Y<X 

Perl  II 010 

- 

Orth.7 

+ 

IIOOl 

XlUdr 

Z\\b 

Coloriess 

Perf.  II 001 

- 

Mono. 

+ 

IIOOl 

xu± 

ZWb 

Colorless 

Perf.  11 001 

- 

Mono. 

+ 

IIOOl 

xiu± 

YUi 

Si^^;s^. 

Z>Y>X 

Perf.  11 001 

- 

Mono. 

+ 

\\c 

ZAc= 

XII* 

^Mr 

X>Z>Y 

Perf.  y  010 

+ 

Orth. 

+ 

\\e 

Zlk 

X\la 

Colorless 

Perf-POlO    1.6 

+ 

Orth. 

i: 

We 

Y\\c 

Z||# 

Colorless 

None 

1.6 

+ 

Mono. 

Z/\c= 
-11" 

X\\6 

Colorless 

«%" 

- 

Orth. 

- 

U 

XIU 

Zll* 

Colorless 

DisLllOlO 

1.6 

- 

Orth. 

.„ 

lie 

xn<r 

Zll^ 

Colorless 

Poor  II 110 

L6' 

- 

Orth. 

- 

\\c 

Xlk 

Zllo 

Colorless 

Distil  no 

1.6 

CiiicjjA.OOglC 


otiai  Mioerals  (Cont.) 


«« 

*p 

"t-fp 

OPT.  ANG. 

DISP. 

NAME 

COMPOSITION 

1.S76 

i.sn 

0.043 

2K=42° 

k:v 

Anhydrite 

CbSO« 

1.589?' 

1.539 

0.035 
■OJtSO 

Z£=6'to4V 

*•>» 

T>Io 

Hd!g^SiO>)4 

1.58 

7 

0.041 

2£'=107"=b 

iik 

Pyn^yUite 

IliAl«CSiOi)4 

1.587 
-1.593 

1.557 
-1.560 

0.033 
■0.049 

2J=70»± 

;i^ 

HKKJ(a)Al,(SiO,). 

1.60 

7 

Strong 

T 

7 

PsragoDite 

HrfN«JI)AWSiO.). 

7 

1.5975 

1.56± 

0.037* 

2£=70°± 

P>» 

Le^dolite 

CUKXAlF)AKSiO.)a 

1.606 

1.562 

0.044 

2£=0''to30° 

/Xi- 

Phlogopit*    . 

CK.HMMgF^^g^ 

? 

Strong 

2£=50°± 

i»<f 

SnniraUHe 

1.574 
L638 

1.5*1 
1.1.586 

0.033 
■0.060 

2£-=0°tol5'' 

P<f 

Blotlt. 

SU.(ifAlF^>feH 

7 

' 

T 

2£=10°± 

TWTllTOIlB 

GUnberite 

N«S0,-OS0, 

7 

? 

7 

2£-=125°± 

weak 

Bobierrite 

MgKPO,).-l-8H,0 

1.52 

7 

7 

2^=88° 

P<v 

tnd.  itnnic 

(Mg.C«KP0,),-l-8H^ 

J 

1.605 

1.5766 

0.050 

2£=143" 

l><-^ 

VivUnite 

F«(P0,)H-8H^ 

1.589? 

1.539 

O.K^ 

2£-=6"to40° 

p>V 

T«l« 

H^g^SiO,)* 

1.587 
-1-593 

1.557 
1.560 

0.033 
-0.049 

2E=70P± 

W*^ 

UuMTlte 

Hi{KJI«)AbCSi04)s 

1.579 
-L638 

1.541 
1.586 

0.033 
■«060 

2£=0»tol5° 

P<v 

Blotlto 

SU.of  AUe,Mg.H 

7 

7 

? 

iH^m" 

7 

SympUdte              FwCA»0*)H-8Hrf) 

I'l.MOS 

1.5595 

0.0716 

2r^^87° 

p>Y 

Hembei^te 

Bei(0H)B05 

11.5095 

1.5043 

0.071 

2£=48'' 

7 

PiiMonite 

CBNa»(Ca)>+2HiO 

71.5552 

1.4900 

0.160 

2y=M° 

P<i' 
weak 

Whewellite 

CaCiOi-l-Hrf) 

,1.682 

1.530 

0.156 

2£=31° 

,<. 

CaCO, 

L670± 

1.525 

0.145 

2E=^1V 

Weak 

Brorolite 

(Ca3a>C0s 

1.664 

1.518 

0.147 

2E=1QP 

P<v 

ScCOa 

Ci:,icJj,t..OOglc 


idb,Go(5glc 


idb,Go(5glc 


C.  (II.)  Anisotropic  Bi 


Refrlogence  Imr  >L52  <LS9  (Cmt) 

«  >0.0565  (Cont) 


SIGN 

SYST. 

ELONGATION 

OPT. 
ORIENT. 

COLOR 

ABSORP. 

CLEAVAGE 

— 

Sign 

Direc. 

Ext  Ang. 

- 

Orth. 

- 

lU 

X||<: 

Zl|« 

Colorleu 

Dist  S  010 

.67 

- 

Mono. 

± 

lU 

XAc= 
+65'' 

ZH* 

ColorlcH 

Peri.  1  no 

1.68 

3.    Refringence  moderate  >L59  <L66 
a.    Biiefringence  unknown 

-    1    OrtlL     1    +    |||00l|     Xy.:    1        7        |^*i!n,^i        ■      Jperf.llM'i    ' 

a.    Birefringence  very  weak  <0.0035 

~   1   Orth.?  1   +   1  B^  1    zii^    1      ?      1    j^^   1^1       ■         ■ 

+ 

Orth. 

+ 

ilf 

Zllf 

Ylli 

Colorless 

Perf.  II 110 

Kit  HOW 

I.bb 

L67 

+ 

Orth. 

+ 

]\C 

ziu 

VM 

Colorlew 

Perf.11001 

i.S! 

+ 

Orth. 

+ 

II  001 

X\\e 

Z||<i 

Colotleas 

Perf.  roof 

DisL  II 110 

- 

- 

Orth. 

± 

II  c 

Ylle 

XII* 

Coloriesi 

II 001 

,.« 

- 

Uono. 

+ 

11001 

XAe- 
6'± 

Ylli 

Coloriess 

Perf.  1]  001 

! 

e.    Birefringence  moderate  >0.009S  <0.0185 

+ 

Orth. 
Pi  Is. 

Opt  PL  i;  010? 

ColorlcM 

■': 

1.6- 

1.6. 
-l.fc 

1.6 
1.6 

"^ 

1.5 

+ 

Ortli. 

zik 

Yll* 

ColorlcM 

Perf.;:  110 

+ 

Orth. 

+ 

lU 

Zllf 

Yll* 

Coloriess 

-— 

Perf.  II 001 
Perf.  II 001 

Perf.  n  no 

+ 

Orth. 

+ 

II 001 

XII  <: 

Zlla 

Colorless 

+ 

Mono. 

+ 

lie 

«.<= 

Yll* 

Colortesa  to 
yellowish 

None 

Distil  100 

+ 

Mono. 

+ 

1^ 

Yll* 

IJSIXX; 

Y>Z>X 

Perf.  II  no 

+ 

Mono. 

- 

11 001 

ZIU± 

Ylli 

v.^x'?!??^.^ 

Z<Y<X 

Perf.11001 

- 

Orth. 

Xll* 

ZIU 

Colorless 

Pew  II 010 

1.6 

- 

Orth. 

- 

1^ 

XllT 

Yll* 

X>Y>Z 

DiitBUO 

1.6 

" 

Mono. 

+ 

11001 

Xlk± 

Y\li 

VJ^ 

Z-Y>X 

Perf.11001 

!^-* 

1 

-- 

Uono.7 

+ 

11001 

X|k± 

? 

.y^sr.^ 

Z=Y>X 

Peri.  II 001 

.jjA.OOglC 


xlal  Mloenls  (Conr.) 


"m 

«p 

•«-«» 

OPT.  ANG. 

DISP. 

NAME 

COMPOSITION 

1.676 

1.529 

0.148 

2E=26-> 

p>v 

Vltharlto 

BaCO. 

t.6S4 

1.S25 

0.161 

2E=W 

weak 

BwTtocddte 

B.C(CO»)i 

1.62?  1     T     j     7     1  2£'=18<'±    |       7        |       UMHocirdte      |  B8(UOi).(P04)H-8H.O 

1.S9    I     7     \Wfk\    2KniuUl     1       7        1        Gunterito         1         SiLofUg,NiJl 

'1.659 
-1.669 

1,656 
-IMS 

D.009 

2t'=70° 
10  80° 

p>V 

MgSiOa 

1,610 

1-1.631 

1.607 
-1.629 

D.008 
4.010 

2£=84' 
to  125" 

diat 

TopM 

(AIFi)AlS)04 

1.623 

1.622 

Q.009 

2r=51"' 

P<v 

Ceiettite 

StSOi 

1.6337 

1.6317 

0.0046 

2^=88" 

P<v 

Danbnrite 

CaBiCSiO*), 

1.64 
LI.65 

7 

0.009^ 

2£^^8r 
10  125° 

P<v 

Margwite 

HtCaAl^SiOit 

1.667 

1.662 

0.0(1 

2r=90"  ± 

7 

Boracite 

MBTCliBiri)M 

1.6125 

1.609 

^607" 
-L629 

0,010 

2V=rf 

p<V 

Stokeaite 

H4Ca<Si,Sn)40ii 

1  610 
.1.631 

0,008 
■0.010 

2£-=84'' 
to  125" 

21 

Top.2 

(AlF>)A]Si04 

1  637 

1.636 

0.011 

2F=36»± 

P<v 

Bulte 

BaSOt 

1.6490 

1.6455 

0,012 

2^=74°* 

diat 

ai.  of  Ce.CaJ*a,F 

? 

7 

0.014  « 

2FU^e 

7 

HontUMtd* 

Sil.  of  Fe^1.Hg.Ca^a 

1.588 

1.585 

0.011 

2^=0=  to  70° 

P<v 

OllsooUoro 

Sil.  of  AI.ME,Fe,H 

1-6616 

1.6505 

0.017 

2V=Z&° 

P>v 

Monticdlite 

HgCaSiOi 

1.638 

1.632 

0.011 

2F=84=± 

7 

Andalurite 

AliSiOs 

1.657 

1.646 

0.012 

2£'=10'± 

P<v 
weak 

S«rbertite 

SiL  of  Al.Hg.Ca,H 

? 

7 

0.014 

2£-=0°-t- 

7 

DdMdt* 

Sil.t>fAl,Mg,Fe.H 

CiicjjA.OOglc 


idb,Go(5glc 


idb,Go(5glc 


C.  (II).  Anisotropic  fi 


Refringence  moderate  >L59  <1.66  (Cont) 
c.    Birefringence  moderate  >0.0095  <0.0185  (Cont) 


SIGN 

SYST. 

ELONGATION 

OPT. 
ORIENT. 

COLOR 

ABSORP. 

_..  .      _ 

Sign 

Direc 

Ext.  Ang. 

- 

Mono. 

+ 

II  001 

Xlk± 

Y\\i 

Z.Yg«eD 
X  brown 

? 

Pert.  II 001  |u 

- 

Mono. 

+ 

\u 

Zll^ 

Yll* 

f™- 

Z>Y>X 

Peri,  li  no  jl.( 

" 

Mono. 

± 

\li 

nr 

Y|I* 

Coloilew 

Perf.  1 100  1,  ( 
DistllOOl  "■' 

d.    Birefringence  rather  stiong  >0.0185  <0.0275 


+ 

Orth. 

+ 

II 1^ 

zik 

Y|M 

Colgriess 

Perf.  now 

i.( 

+ 

Orth. 

+ 

li^ 

zik 

XII « 

Colorless 

Perf.  11  m 

+ 

Orth. 

+ 

lu 

zik 

X|U 

Coloriess 

Perf.lil» 

i.( 

i.( 
Z 

u 

+ 

Orth.? 

+1 

IU7 

Zlji? 

7 

Colorless 

1 

-(- 

Mono. 

+ 

II  i^ 

ir* 

YM 

Colorless 

Pert  II  HO 

^-  - 

Mono. 

+ 

II  <r 

+15°-25'> 

Yll* 

Zrr«Q.  bluer 
Y.X^niih 

Z>Tf>X 

Perf.  II 110 

f 

Mono. 

4- 

11  r 

u 

^X^ 

Ylli 

Colorleuor 
BRCn  ■nd  bloe 

Absent 
or? 

Perf.  II 010 

+? 

Mono. 

- 

ZAf- 

X\\i 

Colorle»to 
paie  yellow 

Z>Y>X 

Peri.|IOOI 
Dist  II 109 

+ 

Tri. 

i 

Ext.  on 

100=30= 

Elton 
010^25° 

Colorless 

Perf. ;'  010 

- 

Orth. 

+ 
+ 

u 

zjk 

Xllrt 

Colorless 

Perf.  5  no 

u 

Orth. 

11^ 

ZJlT 

? 

Colorless,  or  Z 

Z<Y-X 

IK 

- 

Orth. 

- 

II  001 

ziu 

Xlld 

Colorlea. 

II 001. 110, 
010.  100 

I.' 

Mono. 

+ 

lu- 

Jlio 

Y  \:6 

Coloricw 

Pert  ^  110 

u 

_ 

Mono. 

+ 

ll.^ 

ZA^- 

+15" 

Y[:6 

'tS" 

2>Y>X 

PeA  1 IW 

1. 

- 

Mono. 

+ 

II . 

+  17" 
to +  200 

Y,|» 

^S- 

x>z>y 

Perf.  1.  110 

1.' 

— 

Mono. 

+ 

lU 

+  15i'* 

Y  II* 

Z  blown  ycllDW 
Yjtiwlejdlow 

Z>Y=X 

Perf.  1  110 

- 

MODO. 

+' 

Ik 

ZAe- 

Yll* 

p8r«n  oryel- 

EtST 

Rarely  colorlesi 

Z>Y>X 

Perf.  II  110 

I.' 

- 

Mono. 

+ 

lU 

+4^4r«o 

Y  i;* 

Zdukblao 
Y  violet  bhie 

Z>Y>X 

Peri.  :,  uo 

1.' 

~ 

Mono.? 

+ 

II 001  1  XIU+ 

1 

Green  to 
yellow 

? 

Perf.!  001 

~ 

Tri. 

1    X  1,  001  and  lIO 

Colorless 

Di»t:iiiio 

]_ 

Ci:,icJj,(..OOglC 


ixlal  Minerals  <Coiit.) 


1- 

n. 

ng-Mj, 

OPT.  ANG. 

DISP. 

NAME 

COMPOSITION 

1-660 

1.649 

0.012 

0.018 
•0.022 

2E=25'd= 

weak 

Xanthopbjilite 

Sa.  of  Al,Mg.CMI 

[,1.638 
^-1.644^ 

1.633 

1.621 
1.621 

to50° 

P<v 

NaAISi^.  irith 
(Fe,Mg)SiOa 

0.014 

2£=70° 

P<v 

Wolkstonite 

CaSiOg 

ll.65S 

1.656 

B.020 

2^=30°  d= 

P>v           SlUlmulto 

AliSiOi 

I1.6I8' 

1.615 

0.020 

2E=&i'- 

P>v 
strong 

Cftkmine 

CZnOH)tSiOs 

1.642 

1.633 

0.025 

2V=Wi, 

?<» 

AatliopkyUtto 

(MgJ'e)SiOa 

1      -i 

1 

0.020 

2.ff.=50'± 

7 

Ktypeite 

CaCOs 

[1.669 

1.651 

0.026 

2f^54'' 
to  60" 

p<V 

Spodumene 

LiAl(SiO»)) 

|l.620 

1.613 

Q.019 

2»'=59<'± 

P>v 

Pargarite 

ai  of  Al,Fe.Mg,CaJia 

[l.655 

1-652 

0.019 

2£^=88' 

P>v 

Euclaae 

Be(AIOH)SiO, 

1.65 

7 

0.026 

2^=90=^; 

7 

Kl.  of  Ca,Ti.Zr^a,F 

1.62 

T 

Stiangj          7          1       ? 

Parahopeite 

ZiuPtO»+4H^ 

il.636 

1.623 

0.021 
«.0Z3 

2^=78"^: 

P>^ 

Gedrite 

(Mg.Fe)SiOswith 

(Mg.Fe)Al^iO. 

'l.63 

1 

0.022 

2V^W 

7 

Carpholite 

HtMnAliSMOi. 

1.593 

1.588 

0.023 

2V=iy±^ 

P>v 

Bertrandile 

HsBetSi^ 

[i.623 

1.609 

0.026 

2V^^''± 

p<.v 

TronoUto 

CaMg^SiOs), 

I '1.627 

1.611 

0.025 

2C-78"± 

,<1 

Aotln«Ute 

Ca(Mg.FeXSiO,). 

jl.53 

1.62 

0.024 

2^=80"+ 

p<v 

Richterite 

CK.NaiMg,Ca,Mii)SiOa 

,1.638 

T 

0.022* 

2^-78°^ 

fi<V 

CmnmiiigtDnite 

(Fe.Mg)SLOs 

>i.642 

i 

1-629 

0.024 

2r=84°± 

r<v 

HoTBblonde 

SU.  of  AI,Fe,Mg,C«^Na 

U  1.638 

1.621 

0.018 
-0.022 

2F-42- 
10  50" 

K" 

NtAlSi-0.  with 

(Fe,Mg}SiOs 

!l.61 

7 

0.020  ± 

ZE^fP  to40» 

' 

KFe(SiOa)2+nH^ 

7  1.593 

1.578 

0.019 

2K=52''±   'iJ'.^-d 

Amblygonite 

Li[AKF.0H}]P04 

Ciiicjj.l^.OOglc 


idb,Go(5glc 


idb,Go(5glc 


4S6 


C.  (II.)  Anisotropic  Bb 


3. 

SIGN 

SYST. 

ELONGATION 

OPT. 
ORIENT. 

COLOR     JaBSORP.  cleavage 

Sign 

Direc 

Ext.  Ang 

•" 

+ 

HexT 

- 

II  0001 

Z|[ 

X  l|  lOlO 

to  yellow    1 

Peri.  11 1010 

l.tt 

+ 

Orth.     1    + 

lU 

Z\\c 

Y-\i 

Colotle«    1 

i>ut.!:ooi 

1.64- 

+ 

Orth.         ± 

He 

Y|U 

XWi 

Colorleu    j 

Poor  n  010 

? 

+ 

Orth.     1    -^ 

II  a 

Xlla 

Y  [. 

W^tr^"- 

X>Z>Y 

Poor:  001 

t 

+ 

Mono. 

7°  to  12= 

ZllA 

Cd1<iil«»or2,Y 

rilE  Tcllow 
X>old«" 

X>Z>Y 

Poor  II 001 

1.61 

1.63 
176^ 

+    1    MO...T 

+ 

11. 

+33"  dr 

Y|  i 

Colorlcu 
to  green 

7 

Peri.  1 110 

+ 

Uoug. 

± 

il. 

ZAr= 
83" 

Xlli 

Colorless 

Peri.  |]  010 
Dist  IIOOI 

+ 

HODOL 

- 

11  0107 

47" 

z  ;;* 

Colorless 

to  yellow 

T 

Poor  II 001? 

+ 

«.n.. 

- 

II 010 

26=  ttloP 

Zj  * 

3S^' 

X>Z>Y 

Poor  IIOOI 

- 

Mono. 

- 

111 

+2° 

Z!|f 

Colorless 

f.    Birefringence  strong  >0.0355-c0.0445 

+ 

Orth. 

or± 

lid 
orlU 

Xlla 

YIU 

Cok«l«iorZ.Y 

X>Z>Y 

Poor  II 001 

! 

+ 

Orth. 

- 

II  001 

Zllf 

xii« 

Colorless 

Vat.  iMI 

1.61^ 

+ 

Mono. 

+ 

\\i 

Z\\i 

X|lfl± 

Colorless 

Peri.  II 001 
Peri.  II 100 

? 

- 

Orth. 

Xlla 

Z  M 

Z  pile  Woe 

ySIS-. 

Xgr«nblu« 

X>Z>Y 

II  m  010 

1.6S 

- 

Mono. 

+ 

Ik 

1°  to  4° 

Yll* 

Colorless 

None 

1.671 

- 

Moao. 

+ 

11  001 

xi;f± 

Z1I* 

Colorless 

Peri.  II 001 

-LW 

- 

Mono. 

+ 

II  001 

X[\c± 

Zll^ 

Colorless 

Perf.  i;  001 

1.60 

- 

Mono. 

+ 

II  001 

X\\c± 

Yll* 

Z,Y  yellow 
X  colorlcM 

Z>Y>X 

Peri.  I  001 

i.6oe 

- 

Mono. 

+ 

II 001 

Xllfi 

Y||* 

Z.  Ybrewnot 

Z>Y>X 

Peri.  II 001 

1.57 
.1.63 

- 

Mono. 

± 

II 001 

XA^- 
-  31" 

Zlli 

Colorless 

Perf.  IIOOI 

? 

- 

Mono. 

— 

nc 

+3° 

Z\\b 

Colorless 

DisL  II 010 

1.68 

- 

Mono. 

Hi- 

XAc= 
-10= 

ril* 

Z.Y«n»bl« 

2=Y>X 

Prismatic 

1.63 

idb,Go(5glc 


axial  Minerals  (Cont.) 


456 


9 

,. 

»p     "r-wp 

OPT.  ANG. 

DISP. 

NAME           ;         COMPOSITION 

7 

1.599 

0.030 

Uniaxial  or 
2  C  small 

T 

Catapleiite 

H,(Na2.Ca)ZrSliOii 

> 

1.626 

1.616 

0.033 

2£-=123"± 

P>T. 

Prehnite 

HjCaiAljCSiO.)^ 

1-659 

7 

0.034  ± 

2y=86'' 

P<v 

Porsterite 

Mg^iO, 

1.643 

? 

0.032 
■0.038 

2y=6a? 

P>v 

Humite 

[Mg(F,OH)],Mg^SiO.> 

0 

1.670 

1.658 

0.032 

2  V=lb° 

P>v 

[MgCF,OH)],Mg,(SiO,)4 

40 

9 
1 

1.654 

7     |0.029 

2V=Ti'' 

p<v 

Jadeite 

NaAKSiO,)* 

1.592 

1.586 

0.028 

2E=W 

P<v            Colemanite 

CajRA+5H^ 

1,6703 

' 

7 

2A'=80° 

7 

Prolectite 

[Mg(F.OH>],MgSiO, 

1.619 

,.«,7 

0.032 

2F:=80- 

P>v 
crossed 

[Mg(F,0H)],Mg5(S10*> 

1.612 

1.592 

0.029 

10  128" 

P>v 

Herderite         |       [Ca(F,0H)]BeP04 

k.643 

7 

0.032 
-0.038 

2K^68° 

P>V 

Hnmite 

tMg(F.OH)]dlgs(SlO.>i 

1 

1.576 

1.S71 

0.043 

2F-42= 

P<v 

Anhydrite 

CaSO* 

1.61 

T 

0.038 

2r^60° 

strong 

Pectolite 

HNaCaKSiCji? 

'"«" 

1.6018 

0.037 

2^=37° 

P<v 

SiLo£Al,Fe,Mg,Na3 

1.653 

1.6% 

0.044 

2I'=75<' 

P>v 

Datolite 

CaCBOH)SiO, 

1.587 
-L593 

1.S57 
-I.S60 

0.033 
■0.049 

2£-^70°± 

SLl 

HKKJJa)Al,(SiO,)a 

*7 

1.5975 

l.S6± 

0.O37* 

2i:^70°± 

ii.1 

Lepidolite 

(UKXAlF)AlCSiO»)a 

1.606 

1.562 

0.044 

2Z.=0"to30° 

P<v 
weak 

Phlogopite 

(K.HMMgF)3Mg>Ai 

4 
it 

1.574 
-L638 

1.541 
-1.SR6 

0.033 
■0.060 

2i:=0»to30° 

iS 

Blotlte 

Sil.  of  Fe^.Mg,H 

? 

T 

7 

2£=10" 

p>V 

Tet7iRoris 

Glauberite 

NaiSO.CaSO, 

78 

1.6609 

1.6445 

0.043 

2r^77= 

P>v 

dist 

Leucosphenite 

Sil.  of  Ti,Ba^a 

9 

1.632 

1.603  {0.036 

2£=134''± 

p<V 

Lunlite 

CMgJ-e)(A10H)^P0,), 

idb,Go(5glc 


idb,Go(5glc 


idb,Googk' 


C.  (11.)  Anisotropic  Bdl 


3. 

Refringence  moderate  >1.59  <L66  (Cont) 
g.    BirefrinRence  very  »trong  >0.OM5  <0.OS65 

SIGN 

SYST. 

ELONGATION 

OPT.          .„.„„ 

ABSORP. 

CLEAVAGE 

Sign 

Direc. 

Ext  Ang. 

ORIENT. 

+ 

HODO. 

± 

\U 

^Ar    x„. 

va^' 

Z=Y<X 

Perl  II  010 

I.6Z>^ 

- 

Mono. 

+ 

II 001 

X  |K±        2  II  i 

Colorleu 

Peri,  n  001 

■im) 

- 

Mono. 

+ 

II 001 

XIl<r± 

Yll* 

^%T^. 

Z>Y>X 

Peri.  II 001 

1.57"; 
■1.6J^ 

- 

Mono. 

+ 

\\c 

-35= 

="'1      1?S 

7 

PertlOlO 

7  : 

- 

HODO. 

? 

H  ^ 

7 

""  1  ,?r» 

Pleoch. 

Pert  n  010 

li 

li.    BiTefringei) 

ce  extnme  >0.0S65 

+ 

Orth. 

+ 

1' 

Zlk 

Xll* 

Colorless 

Peri.  H  010 

1.61-.. 

+ 

Hano. 

ZA<:= 
-11° 

Xlli 

Colorless 

11001,010. 
110 

1.64- 

+ 

Mono. 

+ 

u 

-12» 

Yll* 

inmw 

7 

Peri.  II 001 

1.71/^ 

- 

Orth. 

- 

lu 

XlU 

2\\i 

Colorless 

DistSOIO 

l,Mv. 

- 

Orth. 

- 

II  > 

Xlk 

Z||^ 

Colorless 

Poor  11 UO 

L63I:: 

- 

Orth. 

- 

.V 

XlU 

Z|l« 

Colorless 

Dirt.  11 110 

l.«.. 

- 

Orth. 

- 

Ik 

XlU 

Zlli 

Coloriess 

DisLIIUO 

1.61.-. 

- 

Mono. 

+ 

n  e 

—31° 

XII 3 

niS"" 

Pleoch. 

Peri.  )l  010 

l.Mv 

- 

Mono. 

+ 

lU 

ZA.= 
^1= 

Y  1* 

Blue  in  mass 

7 

Perf.11010 
Distal 

l.«^ 

- 

Mono. 

+ 

II  001 

X|If± 

YIIJ 

^\».s; 

Z>Y>X 

Perf.1001 

■lk: 

- 

Mono. 

± 

II. 

Y.-? 

Z||« 

Colorless 

Perf.l|UO 

!■«« 

4. 

Refringence  high  >1.66  <L7S 
«.    Birefringence  unknown 

+ 

Orth. 

+ 

II 010 

Zlk 

XII  i 

Coloriess 

Pert  II 010 

1.65 

+ 

Orth. 

+ 

Ik 

zii^ 

Xlki 

\^ir 

Y>X>Z 

Perf.11010 

?- 

+ 

Orth. 

+ 

Ik 

Zlk 

X.\\i 

Green 

Strong 

■ 

+ 

Mono. 

+ 

M 

■f^ 

1 

GcOories* 

None 

7- 

- 

Rhom.? 

Xlk± 

1 

Bnnn. 

? 

Perf.110001 

l.TJ. 

- 

Orth. 

+ 

II 001 

Xik 

Z\\a 

Green  to  bloc 
in  mats 

7 

Perf.11010 

7. 

- 

Orth. 

di: 

ic 

Ylk 

Xllf 

Olive  green 
in  mass 

7 

Poor  1 100 
Poor  11 010 

7- 

Ci:,icJj,(...OOglC 


iaxial  Mlaerals  (Cont.) 


«m 

«p 

"r-*. 

OPT.  ANG. 

DISP. 

NAME 

COMPOSITION 

67 

1.605 

1.5766 

0.050 

2^=143" 

?<v 

ViTianite 

Pe<PO.)rf8HaO 

9 

1.587 
-1.593 

1,557 
-1.560 

0.033 
«.049 

2E=7iy± 

weak 

Muoovlto 

H,(KJ*a)AWSiO,), 

4 

B 

1.574 
-1.63S 

1.541 
-1.586 

11.033 
.0.060 

Z£=0='to30° 

weak 

Biotite 

Sil.  of  AI,Fe^,H 

? 

? 

T 

2ff-110"± 

strong 

Cabrerite 

CNiJIgWA80.)i+8H* 

1.63 

T 

T 

2/^-105"+ 

? 

Annabergite 

Nii(As00ii+8H(0 

ill 

1.5908 

1.5595 

0.0716 

%V=%T 

i-Z. 

Bsmbergite 

BeKOH)BO. 

97 

1.5552 

1.4900 

0.1597 

2V^W 

Si 

Whewellite 

CaCiO.+IW) 

43 

1.65S5 

1.6491 

0.0652 

IV --iT 

strong 

Natrochalcite 

NaiCorf  OHM  SO*  )H-2HtO 

K 

1.682 

1.530 

Q.156 

2/^=31" 

Kv 

CaCOs 

1± 

L670± 

1.525 

0.145 

2£'=10'' 

Weak 

Bromlite 

(Ca3«)C0. 

■6 

1.664 

1.518 

0.147 

2£'=10=' 

f<v 

SiCOs 

7 

1.676 

1.529 

0.148 

2£=26= 

P>v 

Wttlwrito 

BaCOi 

166 

i.6614 

1.6263 

0.0723 

2/^=105= 

weak 

Erythrite 

C08CA>O4)H-8Hrf) 

lU 

1.5775 

1.5437 

0.0576 

iv^ry 

P<y 
weak 

EidhnUte 

NajCn(S04)H-2H»O 

1.574 
■1.638 

1.504 
-1.589 

0.033 
■0.085 

2.£-=0°to40" 

P<.v 

Blotlta 

SiLofAUeJIg^ 

M 

1.684 

1.525 

0.161 

2£=240 

iiS 

Baiytocaldte 

B«Ca(CO,), 

J 

? 

2KUj«e 

iil 

HCaAs0.4-H* 

1.7315 

2£'=126'' 

p>V 

•trong 

PhoqtlionderiU 

FeP0.-f3>iIW) 

1.70 

2£'^1'' 

7 

Euchroite 

Cnj(OH)Ari>,-|-3H,0 

1.67 

2£-=107'' 

p>v 

Addite 

HCaHgAsOg 

O 

7 

Uniaxial 

T 

HcDutolite 

(A]Jfn)Aa04-4Hii(OH)t 

~ 

1.70 

2('l«rge 

? 

Tyrolite 

Cii*COH),(A80.)H-7HiO 

1.742 

2K=8r 

P>v 
>trong 

Libethenite 

Cu(Cu0H)P0* 

Ci:,icJj,(...l)OglC 


,db,GoOglc 


idb,Go(5glc 


458 


C.  (II).  Anisotropic  Byl 


BefainKence  high  >1.66  <X.75  (Coot) 
a.    Birefringence  very  weak  <0.0035 


SIGN 

STST. 

ELONGATION 

OPT. 
ORIENT 

COLOR 

ABSOKP. 

1 

Sign 

Direc 

ErtAng. 

~ 

Mono. 

± 

11^ 

Yll* 

K^"? 

xVe)'K,h>V>x|     Tr««     |    7 

+ 

Orth. 

ZJf 

XII  4 

Colorless 

TncM    'l.7av 

+ 

Orth. 

+ 

II  f 

Zllc 

XUi 

Colotlen 

Perf-lllW  ] 

.661c: 

+ 

Orth. 

sitehai 

Ik  1  xik 

Y  lU,  X  II  *) 

Zllo 

Colorless 
[rbnUteiiDbild 

PeitllMO 

.7a^ 

+ 

Orth. 

- 

\\c 

Xll^ 

Zll« 

Colorless 

.68:' 

+ 

Mona 

± 

11* 

ZA^2' 

Yll* 

Colortess 

DisLllOOl 

.721 

+ 

Mono. 

- 

ic 

—5' 

Yiia 

Xduk'uno 

x>y>z 

Perf.  1 110 

>USx 

f 

Hono.7 

- 

iiooir  Z]\c±i 

7 

MSJ.'St 

Z>Y=X 

7  ■ 

+ 

Mono.7 

~ 

II 001 

3°  to  20° 

Yl|i± 

Y>X>Z 

Peit  11 001 

7  ■ 

+ 

Tri. 

± 

11^ 

'r 

Yy  *xfc 

Z.Yd«kbrown 
X  cleu  bronTD 

Z>Y>X 

Perf.  II 110 

Lil, 

± 

Orth. 

V 

aria 

Xllt 
le 

Z||« 

Crecnuh  or 

7 

Perf.  II 001 
Distil  010 

1,6«, 

Mono. 

± 

11 010    ^^|r 

Y\\i 

Z.Ypd.MM 
x'rofJrtSi 

1.711 

-j  ™. 

XlOlli 

Z,Xcolotles> 
Y  violet  to 
colorless 

None  or 
Y>X=Z 

Distil  010 
Dist  II 112 

DistniSo 

..« 

c    Birefringence  moderate  >0.0095  <0.0185 

■   + 

Orth. 
Ps.  Is. 

zik? 

xm 

Coloriess 

Traces 

1.67 

+ 

Orth. 

+ 

Ik 

Zlle 

xu 

Colorless  or 

nearly  so 

Perf.  II 110 

1,67 

+ 

Orth. 

+ 

II  <r 

Z\\c 

XII* 

1SS? 

Z>Y>X 

Dist  II 010 

1.74 

+ 

Orth. 

± 

Itc 

YK 

Zlja 

Colorless 

Prismatic 

1.69 

+ 

Orth. 

± 

Ik 

Ylk 

Xlk 

Z,Xmnk 
Y  yellow 

Z>Y=X 

Perf.  i  001 
Poor  1.  010 

1.6f 

+ 

Mono. 

± 

We 

YAf  =  7° 

x[k 

Colorless  or 
nearly  so 

None  or 
neali 

Dist  II  100 

L6S 

+ 

Mona       .7 

nil 

Y|k? 

Xlk±? 

Colorless  or 
nearly  so 

Dist  11  001 

1.7; 

+ 

Mono.        ± 

\\c 

'AP 

Y||# 

YpBlecTcen 

Weak 
Z>Y>X 

Peri.  11  no 

'1.7! 

+     1    ,Tri.      1      T 

lu 

ExLon 

010=4" 

2^«o-l'nSnri"s' 

Poor  1  010 
Poor  11 100 

DialicdhCioOgIC 


ixial  Minerals  (Cont.) 


4S8 


J). 

■b 

"r-^ff 

OPT.  ANG. 

DISP. 

NAME 

COMPOSITION 

1.6S 
J.70 

r 

0.000 
■0.032 

2K=68» 

Strong    1          AlUnite 

Sa.  of  A),Fe,Ce,Cafl 

2 

1.748 

1.7*7 

0.009 

2£=85<' 

P>v 

Chrysobeiyl 

BeAW), 

1.659 

1.656 

D.009 

2K-70= 
to90° 

p>V 

Eartatito 

MgSiO* 

1.699 

1.697 

9.005 

2K=51<'± 

P<v 
strong 

ZoUto 

IW:a4Al«SU0M 

a 

a 

T 

1. 6782 

0.0049 

2E=S(r 

l<v 

Hantigite 

HKCa.Mn)i,AVSiO0ni 

1.71W 

1.7176 

0.0056 

2^=82* 

BtronK 

Clinoroiiite 

HiCatAltSvOw 

' 

? 

<l.«e7 

D.OOS 

ZfUrge 

Strong 

Riebeckite 

2N8FeSi)O.TeSi0s 

1.7i 

7 

w^ 

2FUrge 

? 

Seiendibite 

Sit  of  Al,BeJ4g.Ca.Pe 

1.7« 

T 

0.007 
0.016 

2£'=55° 
to  120° 

ttrong 

Chloritdd 

H»FeAltSi07 

tthoniHende 

0.0064 

2£'.=60''± 

T 

..Cnigraatite 

SU.ofTi,Al^e^t 

.:.« 

1.683 

0.O08* 

2£:=0°to60° 

TriphyUte 

Li(Fe,Mn)PC, 

= 

1.7088 

1.70K 

0.0057 

2K=69= 

Incl. 

Sapphiriiu 

MgjAlttSi^ 

1.678 

1.672 

0.009 

2K=72»± 

Incl. 
Horn. 

Axinite 

SiLof  A13,Ca,Pe,H 

»|l.6670[l.6622 

0.0108 

2K-90°— 

? 

Boracite 

MgrCltBiri):., 

15^66581.6607 

0.0108 

2;'^70° 

.togo" 

P>v 

£art>tl1« 

HgSiO, 

*  1.J41  ll.736 

0-010 
■0.015 

2J-'=88=± 

P>v 

StranroUte 

HFcAbSiiOij 

-'1.685  1.68± 

0.014 

2F=86° 

P>v 

Barylite 

Ba^AltSiTOw 

^U79]l.676 

0.011 

to  65° 

P<v 

Lithiophilite 

Li(Mn,Fe)PO* 

•'!-«82|1.6651 

0.O16 

2^=74" 

strong 

Rinkite 

Sil.ofTi,Ca.CcJJa,F 

«l-729l|l.7238 

0.005 
-0.020 

2K=90°i: 

P<v 

Fouqu^ite 

H!Ca4A]«Si*0ai 

«lWl.7320 

0.0185 

2^=60° 

P>v 

CCa,Pe)Si03 

.'■'i|     7 

0.012 

2K  large 

? 

Hainite 

Sil.ofNa,Ca,Ce,Ti.Zr7 

Ciicj'jA.OOglc 


idb,Go(5glc 


idbyGoOgIc 


C.  (11.)  Anisotropic  m 


4. 

Reftingence  high  >L66  <L75  f Cont) 

c    Birefringence  moienite  >0.009S  <0.0185  (Cent.) 

SIGN 

SYST. 

ELONGATION 

OPT. 
ORIENT. 

COLOR 

ABSORP. 

CLEAVAGE 

Sign 

Direc 

Ext  Aug. 

+ 

Tri. 

* 

Ik 

Ext  on 
100=65° 

Ext  on 
010=75° 

Colorless  or 
nearly  so 

None 
or  weak 

Poor  II  UO 
Poor  11  no 

;: 

- 

Orth. 

+ 

11' 

Zll<r 

X|la 

\^^-J^ 

X>Y>Z 

Peri.  \  110 

1.72 

- 

Orth. 

- 

l< 

xik 

Yll<» 

Colorless 
or  yellow 

Piismstic 

1.G&' 

- 

Orth. 

- 

n  <^ 

X  Ic 

Zllo 

\if:^^. 

z=Y<:x 

DistllOO 

.68: 

- 

Mono. 

± 

11^ 

XI  c± 

Z\\b 

Pink  in  mass 

! 

1.74 

- 

Mono. 

± 

II* 

YO* 

X/.(7  = 

-3=± 

yellow,  Xyel- 

Y>Z>X 

DistBOOl 

l"76 

- 

Uono. 

i: 

\\6 

Yl\i 

XA^- 
-6=± 

Z,  Y  brown 
Xpileibnnni 

Z>Y>X 

Traces 

?■ 

- 

Mono.? 

- 

II 001 

3"  to  20° 

YM± 

"/a/S" 

Y>X>Z 

Perf.  11001 

■'■ 

- 

tri. 
P8.H1. 

T 

XllTi 

Colorless 

DisLI[001 

1.72- 

^ 

Trf. 

+ 

Ik 

X1100± 

Eit.onlW 

--30°* 

Colorless 

Peri.  11 100 
Perf.  ],  010 

1.72- 

- 

Tri. 

- 

11001 

Ext  on 
010= 
—32= 

Ext  00 
100= 

+10" 

Colorless 

Petf .  H  UO 

Pert  1,  UO 
DiiL  '1  001 

■>. 

d.    Krefringen 

e  rather  strong  >0.0185  <0.0275 

+ 

Orth, 

+ 

\\c 

Z\\c 

Y||* 

Colorless    | 

Perf.  1,  010 

1.67 

+ 

Orth. 

- 

liooi 

Z\\c 

XII  a 

Colorless    1 

SiS 

1.6g 

+ 

Mono. 

+ 

\\c 

+25°± 

YB* 

Colorless 

Perf.  II 010 

1.67 

+ 

Mono. 

+ 

!U 

ZA^= 
+41° 

Y  11* 

ITMn  and  bloc 

None  or  7 

Perf.  II 010 

,,« 

+ 

Mono. 

+ 

II  ^ 

30"  to  44° 

Ylli 

Y^-Sfl 

None 
or  weak 

Perf.  11  no 

Parting  il  001 

1.71 

+ 

Mono. 

± 

ll.; 

Z/\c= 
+45° 
to+4S° 

Ylii 

X  i-Slm^^n 

Weak 
Z>Y>X 

Perf.  II  UO 

1.7i 

+ 

Mono. 

* 

u 

ZA^= 
+38° 
10+54= 

Yll* 

None 
or  weak 

Pert  II  no 

1.7; 
-1.7; 

+ 

Mono. 

±7 

\m 

Yll* 

X  II  <:±7 

Colorless  or 
nearly  so 

Distil  001 

1.7 

+ 

Mono. 

- 

liOOl 

Zlk± 

Yll* 

Colorless    [ 

Traces 

+ 

Mono. 

- 

\\c 

ZAr= 

-18= 

to  -  21° 

Y||i 

ZTtrviuae    1 

y^&in.  x>Y>z 

Xgr«nor  Wiiel 

Perf.  p  no 

Ci:,icJj,(...l)()glC 


iixial  Minerals  (Coot.) 


T 

08 

■31, 
0 

nm 

»p 

ig-n}  OPT.  ANG. 

DISP. 

NAME 

COMPOSITION 

1.68 
-1.71 

7 

0.0123 

2KUTge 

? 

Hiortdahlite 

CNaiC<.)FeCSi,Zf)»0. 

1-702 

1.692 
-1.7156 

U.OU 
*013 

to70» 

P<v 

CMg.Fe)Si03 

1.6805 

1.6691 

0.0127 

2^-15° 
to  65° 

P>v 

KoracTupine 

MgAl^iO. 

1.686 

1.678 

B.OU 

2f'^35" 
10  40" 

strong 

DumortieTite 

AUSuOia 

1.7375 

1.7312 

0.0124 

2V=f»-' 

7 

Thalenite 

HtY^Si^Oij 

1.720 

■L753 

7to 
1.730 

0-O16 
-0.054 

•  2V=W 

P>v 

HCM(Al.Fc>SiaO„ 

1.68 
[-1.70 

T 

0.000 
-0.032 

2V^reS>±: 

Strong 

AlUnite 

SiL  of  Al,Fe,Ca,Ce,H 

1.741 

? 

0.007 
0.016 

to  120" 

strong 

Chloritoid 

HiFeAliSiO; 

33 

1.7202 

1.7148 

0.0105 

2^=83" 

7 

Trimerite 

(BeJiIn,Ca)iSiO* 

» 

1.720 

1.712 

9.016 

^^--^^'^-l    w""^- 

Cyantte 

AliSiOs 

.,3 

^ 

0.010 
-0.011 

2^=76" 

/rol^     .      «''«l-'t« 

HnSiOa 

3 

1.658 

1.656 

0.020 

2F^30''zt 

p>V 

'     Sillimanite 

AbSiOs 

1.669 

1.665 

0,019 
<.021 

2V=u° 

? 

Lawtonite 

H,CaAl»Si»0,« 

1.669 

1.651 

0.026 

2V=^° 

10  60" 

p<V 

LiAlCKOs)* 

1 

1.655 

1.652 

0.019 

2^=88° 

p>V 

EucUm 

Be<A10H)Si0. 

a 

1.691 

1.690 

0.021 
-0.023 

2^^13= 
to  67°+ 

' 

Pigeonite 

CMg,Fe,C«)Si0.7 

96 

1.7366 

1.73Z0 

0.0186 

2^=60= 

P>v 

CCaJe)SiO> 

27 

1.7039 
L717 

1.6975 
-L712 

0.025 
-0.021 

2K=60°± 

'^l 

A<wlto 

Sil.  of  Ca.Mg,FeAl 

M 

1.7291 

1.7238 

0.005 
-0.020 

2F=90°± 

P<v 

Fouqufite 

H,Cii*Al.Si60i. 

1.678 

T 

0.021 

2V=m' 

P>v 
horiz. 

BomiUte 

CaFeCBOMSiO,), 

i  ? 

7 

0.025 

2^=95°+ 

? 

CcocidoUte 

NaFeSiiOg-FeSiOj 

CiicjjA.OOglC 


idb,Go(5glc 


idb,Go(5glc 


460 


C.  (II.)  Anisotropic  Bi 

Refringence  liigh  >1.66  <L75  (Cont) 

d.    Biiefiingence  isthei  Btrong  >0.0185  <0.0275  (Cont) 


SIGN 

SYST. 

ELONGATION 

OPT. 
ORIENT 

COLOR 

A^SORF. 

CLEAVAGE 

Sip. 

Direc. 

Ext  Ang. 

+T 

Mono. 

- 

\\6 

13'± 

XII* 

Colorleu  to 
pale  yellow 

Z>Y>X 

Perf.  11  001 
Diat  II 100 

7- 

- 

Mono. 

+ 

II 001 

X|U± 

Yll* 

X  yellow  blown 

Z=Y<X 

Perf.  11001  jl.72-. 

- 

Mono. 

+ 

U 

+15" 
to+25» 

Yll* 

brown.  X  re" 

y>Y>x 

Peit  II 110 

1.68 

- 

Mono. 

± 

moo 

Yll* 

Colorles* 

Dirt.  11 010 

1.72 

- 

Mono. 

± 

II* 

Yll* 

XA^= 

Cf^ 

Y>Z>X 

DisLUOOl 

1.7^ 

- 

Mono. 

-■ 

u 

XAf= 
-12° 
to  -15" 

Yll* 

^'SSr 

X>Y>Z 

Peif.  It  110 

1.™ 

Birefringence  strong  >0.0275  <0.0355 


+ 

Orth.? 

1 

? 

? 

^■^fXw 

X>Y=Z 

1.7a 

+ 

Orth. 

* 

-■ 

Y\\c 

Z!l« 

Colorless 

Dirt.!  010 

r. 

+ 

Mono. 

XA«= 
7"  to  12- 

Zll* 

^XS 

None  or 
X>Z>Y 

POOTIIOOI 

1.69i 

+ 

Mono. 

+ 

'■c 

ZA^ 
+33°± 

Yll* 

Colorleu 

Perf.  II 110 

7 

+ 

Mono. 

* 

II. 

ZA^- 
+38= 
10+45" 

YllA 

Colorless  or 
nearly  BO 

P=..,u.  -» 

+ 

Mono. 

- 

Uf 

Z\r= 
+60°+ 

Yll* 

Z  yellow  or 

X>Y=Z7 

Perf.  n no   ]l.70 

+ 

Tri. 

-' 

11. 

Est  on 

100=44° 

Exton 
010=31° 

Zduk  brown 

blown  or  ydtow 

Z>X>Y 

Perf.  II 110 
Dirt.  11 110 

? 

- 

Mono. 

+ 

\\c 

z,v= 

0°to+10° 

Yll  i 

Z.Yduk  brown 

Z>Y>X 

Perf.  II 110 

1.7a 
-1.75 

- 

Mono. 

* 

]ii 

Yll* 

XA<r= 
-3°± 

yellow,  X  yel- 

Y>Z>X 

Dirt,  tl  001 

?tc 
1.76. 

— 

Mono. 

=h 

II  d 

Yll* 

XA^ 

Z.Y  brown 
Xp«ler  brown 

Z>Y>X 

Trace* 

? 

Mono. 

- 

1;. 

XA':^ 
-2C-± 

Yll* 

^sS^ 

Z>Y>X 

DiatniOO 

? 

f.    Birefringence  rtrong  >0.0355  <0.0445 

+ 

Orth.     1    ± 

lie 

Ylk 

Z||a 

Coloriess  or 
nearly  bo 

WtllOlO   »j|w 

+ 

Orth. 

- 

\\c 

Xllf 

Z||4 

Colorless 
to  brown 

Y>Z>X 

Dist  J  120    1.78: 

- 

Mono. 

+ 

11. 

ZA'-= 

O^to+lO" 

Yll* 

'■'i^ 

Z>Y>X 

Po*  „  110  |i  ™ 

Ci:,icJj,(...OOglC 


ttxial  Minerals  (Cont.) 


460 


SB 

"" 

Kp 

- 

OPT.  ANG. 

DISP. 

NAME 

COMPOSITION 

1.65 

' 

D.026 

2F=90'>± 

? 

Sil.  of  Ca.Ti^JJaJ- 

1.7287 

1.7046 

0.0252 

2£'=42° 

P<v 

Ganophjrllitc 

Sit.  of  A1JI1D.H 

3 

1.673 

1.661 

0.022 

2y=M'± 

KiL 

HonbUBda 

SiLofAI,Fe44g.CfcN8 

& 

1.716 

1.700 

"- 

2f'=75''± 

dist 

WBMerite 

SU.  of  Zr,Nb.Ca.Na.F 

« 

1.720 
.L753 

1.730 

0.016 
-a054 

2f=74" 
to  88° 

p>z; 

Epidot. 

HCMCAlJe).SMOw 

B 

1.707? 

1.6B7 

0,021 
-fl.027 

2  J' large 

7 

Sil.  of  Fe^»^CWIg 

B  '1.678 

1.669 

9.033 

2£"=120° 

P>v 

TiUDolivine 

CMg^eKSi.Ti)0. 

.   '1  659 

7 

0.035  ± 

2f=86°± 

P<v 

FoTsterite 

MgjSO* 

«  i.670 

1.658 

0.032 

2^=76° 

crossed 

Clinohuroite 
U/.  Humite) 

[Mg(F.OH)]d(g,(SiO,>. 

'1.654 

7 

0.029 

2F=70° 

p<v 

Jadelte 

NaAKSiOj), 

S  .1.680 

7  -L706 

1.673 
-L699 

0.030 
«.028 

2t'=59° 
to  60= 

P>v 

l>i.I«ld. 

Ca(Mg.Fe)(SiOi). 

9;i-687 

1.680 

0.029 

2^=60°+ 

P>v 

^Egyrinaogite 

S».  of  Fe,C8.MgJ*a,Al 

|l.72 

7 

0.032 

2K=62"± 

SUong 

Sil.  of  C8.Fe^n 

S    1.695 
2   -1-725 

1.677 
■L6B0 

0.031 
.a072 

2F^79''± 

p<,V 

Incl. 

HontVIoid. 

Sit.  of  Fe^l,Mg.CaJJa 

.    1  720 
A  J-L753 

7  to 
1.730 

0.016 
-0.054 

2r^74= 
toSS" 

p>V 

Epidoto 

UCu(Al.Fe)3SiiO» 

11.68 
■1.70 

7 

0.000 
-0.032 

2F^68''± 

Strong 

Allanite 

Sil.  of  Al,Fe.C«,Ce^ 

1.7S0 

T 

0.03 

2^-80" 

Weak 

aveuite 

SU.ofNa^i,UD,CaJe 

•41.6703 
» -1.6899 

iS 

0.036 
-0.037 

2y=u- 

10  90" 

f<v 

(OUvl«  proper) 

(MftFe).SiO. 

«\  , 

U7431 

0.O445 

2£^r' 

7 

Lorenienite 

Nai(a,Ti^>0. 

S   1  695 

1  I-L725 

1.677 
-1.680 

3-031 
■0.072 

21/^79°^= 

fi 

Baultio 

HttmUond. 

SL  of  Fe^,lfcCaJIa 

Ci-ncj=,l...OOglC 


idb,Go(5glc 


idb,Go(5glc 
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C.  (II).  Anisotropic  Bi 


Refringence  high  >1.66  <1.75  (Cont) 
f.     Birefringence  stioDg  >0.0355  <0.0445  (Cont.) 


SIGN 

SYST. 

ELONGATION 

OPT. 
ORIENT. 



CLEAVAGE 

Sign 

Direc 

Ext.  Ang. 

—    1    Mono. 

± 

lU 

+3' 

Zll* 

Colorless 

Dirt.  II 010 

1.68 

- 

Mono. 

rfc 

Hi* 

Yll* 

Y  I'otta  l^n 
yellow,  X  y.l- 

Y>Z>X 

DUtUOOl 

7tr 
1.761 

g.    Birefringence  veiy  stiong  >0.0M5  <0.0565 

+ 

Otth. 

± 

11^ 

Ylk 

Z\\a 

'■^"^fef™" 

ii>y>z 
Z>Y-X 

Pert  II 010 

1.7J 

+ 

Orth. 

- 

11^ 

X|< 

z\\» 

Coloriess 

Perf.11010 

1.75 

+ 

Mono. 

± 

IM 

yii« 

zr\a~ 

32" 

Z  red.  Y  Tialet 
X  yellow 

x>y>z 

DisLllOW 

1 

- 

Orth. 

± 

11  <^ 

Yik 

xiid 

Colorless 

7 

1.73i 

- 

Uono. 

+ 

II  <: 

ll't»+X5° 

Ylli 

Z    TclloWtD 

Y.3r™];;i«. 

Z>T=X 

Peif.  S 110 

? 

- 

Mono. 

+ 

II. 

0=to+10° 

YilA 

■  (ot'Stmo)'™ 

Z>Y>X 

Pert  n  110 

1.701 
-L7S: 

- 

Mono. 

± 

II » 

VII* 

Z  relloWBrccii 
YbluetoBTHii 
yellow,  JGel- 

Y>Z>X 

IKitlOOl 

?t€ 

1.76! 

- 

Tri. 

Ert-on 
010=10° 

Ext.  on 
100=26'' 

Coloriess 

Perf.l|001 

M.n 

h.    Birefringence  extreme  >0.0565 

+ 

Mono. 

+ 

II. 

'^S 

Y||i 

Gr«n 
inmus 

' 

Peri,  f  001  1.714 

- 

Ortk. 

- 

X\lc 

Zlli 

Colotles, 

Dirt.  1  010 

1.68( 

_ 

Orth. 

_ 

Xlc 

z\\t 

Colorless 

POOTIIUO 

1.670 

- 

Orth. 

- 

1. 

XIU 

Zlifl 

CoIorleM 

Diat  II 110 

1.661 

- 

Orth. 

- 

XWc 

Zlla 

Coloriess 

Dirt.  1110 

i.6r 

- 

Mono. 

+ 

Yll* 

Z  yellow  to 

y.x^SS.™ 

Z>Y=X 

Pert  1 110 

? 

~~ 

Mono. 

+ 

. 

Z/\e= 
QOtoKP 

Y||* 

Z.YdKk  brown 

2>Y>X 

Peril  010 

1.701 

1.751 

~ 

Mono. 

+ 

lU 

^41? 

Xlli 

Pleoch. 

Pert  II 010 

1.691 

- 

Mono. 

± 

"-i^? 

Z  11* 

ColorleM 

Perf.  11 110 

1.69 

idbyGoOgic 


ixia!  Minerals  (Coat.) 
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OPT.  ANG.      DISP. 


COMPOSITION 


.«6091.6U5  0.043 


SO.  of  BaJ«a,Ti 


BCa«CAUe>SuO[9 


i  1.703  jl.678 

0.OS5 

toSO" 

7 

A>troph7llite 

Sil.  of  Fe.Mn,TWrJ^a,H 

■il.722|l.702 

0.048 

2^=84" 

p<V 

I»aapore 

AlOCOH) 

Aetpidote 

0.05± 

2K=79"± 

7 

Kedmontite 

HC«CAlMi.)^W>i» 

]l-722 

1.686 

0.049 

2^=61" 

sr 

MnC«Si04 

173 

7 

P-056 

2^=500^ 

»v 

GrBnerite 

PeSiOs 

I1.W5 

^L7^5 

1.677 
-1.680 

0.031 
-0.072 

2^=790 

IS 

BM«atio 

Sil.ofF«^lJIg,CaJJa 

11.720 
^L7S3 

7to 
1.730 

0.016 
-0.054 

2V=U° 
to  88° 

(»t' 

Epldot. 

HC«»(AU'e)^W>i. 

.     ? 

KiJUS 

>0M1 

2^=80= 
to  90° 

7 

Taibutate 

Zm(0H)P04 

1.6S55 

1.649l]o.0652 

2V=y!° 

atTonK 

Natrochaldte 

Na.Cn4(OBKSO.)H-2H.O 

1.682 

1.530  0.156 

2E=3\° 

P<^ 

C«COs 

L670* 

1.525   0.145 

%E=\fP 

Wttk 

Bromlite 

CCa3«)C0, 

1.664 

1.518  0.U7 

2E=WP 

P<f 

StroatUnltB 

StC(h 

1.676 

1.529  0.148 

2£=26<' 

p>V 

Wlth-rlt. 

BaCOa 

1.73 

T      0.056 

2J'=50°± 

p>V 

Grflnerite 

FeSiOt 

l.«5 

1-1725 

1.677   9.031 
•1.680  JW)72 

2C=79"± 

'ifl 

SiLofFe.AlJig,CaJI« 

t.i6U 

1.62630.0723 

2^=105° 

weak 

Eiythrite 

Co<A.O,)rf8aO 

L* 

1.525   9.161 

2^=24° 

weak 

Batytocalcite 

B(iCa(COi)i 

idb,Go(5glc 


idb,Go(5glc 


idb,Go(5glc 
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C  (IL)  Anisotropic 


5. 

Refringence  very  Ugh  >L75 
a.    Birefringence  unknown 

SIGN 

SYST. 

ELONGATION 

OPT. 
ORIENT. 

1  ,«,«■,» 

CLEAVAGE 

Sign 

Direc. 

Ext  Aug 

COLOR 

ftOaVRT. 

+ 

Orth. 

+ 

JiC 

Zllf 

XII » 

X  bloCbV«c 

7 

Poorllia) 

+ 

Orth. 

+ 

.. 

ZD^ 

X||» 

Z>X>Y 

Poor  n  001 
Poor  11  010 

+ 

Orth. 

± 

1!. 

Y\]c 

Z||a 

^■ii^^- 

Weak 
pleoch. 

Tacts 

+ 

Mono. 

? 

,U 

Elton 

010= 

8^  to  11" 

7 

Hjsdnth 

1 

Pert  1010 

+ 

Mono. 

+ 

II. 

+6=± 

Yjl* 

Colorlen 

PerL  1  010 

- 

Orth. 

+ 

lU 

Zlle 

X!14 

Colorlen 

Perl]  010 

_ 

Orth. 

+ 

II 001 

xu 

ZIIJ 

Chenyred 

? 

Poor  11001 

- 

Orth. 

± 

t^ 

Yic 

XIU 

Colorless 

Pert  t  010 

~ 

Orth. 

± 

111 

YD* 

XII* 

Green 
in  man 

Pleoch. 

Perf.il  001 

- 

Mono. 

X||.± 

Yll* 

Lemon 
yellow 

T 

DiitllOOt 

a.    Birefrinsence  veiy  weak  <0.0035 

+        Mono.       +    1   i\c 

YIU 

Green 
or  brown 

None 

None 

±        Ps.I«. 

? 

J 

Gray,  brown, 
red.  green 

Poor  tl  100 

+ 

Orth. 

± 

Oioo 

Y\\a 

Zllf 

Colorless 

pUSJ  i  010 

1.^ 

± 

Ps.h. 

T 

T 

Gray,  brown, 
red,  green 

7 

PoorfllOO 

- 

--I- 

Ik 

0" 

xiu 

't^wHs- 

7 

TrscM 

I.I 

c.    Bitefringeace  moderate  >0.0095  <0.0185 

+ 

Mono. 

+ 

1. 

-.5^ur.3o 

YllA 

Green  or 

None 

None 

+ 

Mono. 

+ 

II  010 

''^= 

X  II  » 

Colorless 
to  brows 

7 

~ 

H«l7 

- 

y. 

0° 

X  Hi: 

YeUow.brown 

T 

TrscM 

2. 

idb,Go(5glc 


Biaxial  Mioerals  (Coot.) 


. 

Mm 

"' 

•r-^B 

OPT.  ANG. 

DISP. 

NAME 

COMPOSITION 

1.S4 

7 

2£^U5'' 

ttroDK 

Scorodite 

FeA804+2HjO 

1.89 

7 

ZE=6iy± 

,7 

DTsitc 

CaF«(FeOHXSiO.). 

1.83 

7 

2/^=106" 

strong 

Olivenite 

Cn(CaOII)Aa04 

? 

? 

7 

7 

PyTostupoitc 

Ag,Sb& 

T 

7 

2^=65° 

strong 

Claad«tite 

•       A»0» 

S 

7 

? 

2/^=140" 

7 

TeUniHe 

TeO, 

7 

7 

2£=«'' 
to  88' 

7 

Polybarite 

AgtSbSt 

2.34 

7 

ZFsmall 

P>v 

ValentiDile 

SbiO) 

1.846 

7 

2P'=83° 

iSJ 

Cafedonite 

CPb,Cn)i(0H>iS04 

? 

? 

2£=125" 

^<7,          Xanthoconite 

AgtAsS) 

>1.78J     7 

2^=85° 

^^g            '^""-"^ 

B«Fe(YOKSiO.). 

2.38    1     7 

o.ooo 

fl.007 

2K=90"± 

P>w              PeroTikite 

CaTiO) 

» 

1.748 

1.747 

0.009 

2£=85'' 

P>v 

BeAliOi 

2.38 

7 

0.000 

2F=^0*'± 

P>v 

PeroTsldte 

CaTlO. 

" 

7 

2.0420 

0.0084 

Uniaxial  or 
2F«mall 

7 

Pb4(Pba>(P0.). 

^1.™ 

, 

T 

2F=85<' 

strong 

BttPefYO)>(aO,> 

7 

7 

O.Oli 

2F=80=± 

7 

Hellan<Ute 

C[C*,.W.,OH,. 

W      T 

2.1180 

0.O169 

to  64° 

7 

Hlnetite 

Pb,(PbClXAsO*> 

idb,Go(5glc 


idb,Go(5glc 


idbyGoOgIc 
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C.  (II.)  Anisotropic  B 


5. 

Refringenee  raj  high  >L75  (Cont) 
d.    Birefringence  rather  strong  >0.01B5  <a027S 

SIGN 

SYST. 

ELONGATION 

OPT. 
ORIENT. 

COLOR 

ABSORP. 

a,EAVAGE 

Sign 

Dine 

git  Aug. 

+ 

Orth. 

Zlla 

X\\e 

Colorieta 

Dist  11001 
DisL  11 110 

l.» 

+ 

Orth. 

- 

1. 

X\\e 

Z\\b 

V^^ 

Z<Y=X 

Perf.  !;  010 
Dist  II 110 

\ 

+ 

Orth. 

- 

1' 

xn<- 

Z||<i 

X  r^oir  bnmD 

Z>Yor 
Z=Y>X 

IKstlllOO 

1 

- 

Orth. 

+ 

l< 

Z|l« 

Xii* 

^%^^^ 

7 

Perf.  II 010 

! 

e.    Birefringence  strong  >ft.0275  <0.035S 

+ 

Mono. 

+ 

u 

to -IS" 

Yl!  h 

Green  or 
brown 

None 

None 

? 

- 

Orth. 

* 

\le 

YB^ 

Xlli 

ColarlaKi 

miir 

Distil  010 

1.81 

- 

Mono. 

± 

I' 

""^^ 

Yll* 

"S^'" 

Pleocb. 

Dist  U 101 

T 

- 

Mono. 

- 

,u 

+11° 

Yll* 

Z,  Y  TOmiBoii 
Xonnseicd 

Z=-Y>X 

Perl  II 010 

Kit  II 001 
IHstlllOO 

1 

- 

Mono. 

- 

1' 

-Wi 

Yli* 

'^a- 

z>y>x 

Dist  11 100 

? 

f.    Birefringence  strong  >0.C»55  <0.0445 

+ 

Orth. 

- 

lU 

xn. 

Z\\b 

ColorleH 
to  brown 

Y>Z>X 

Dist  HIM 

1.71 

+ 

Orth. 

- 

11100 

Zlla 

XM 

Brown 
to  black 

Y>Z=X 

Dist  f  010 

T 

± 

Orth. 

- 

II . 

x:if 

YE* 

Red.  brawn  ot 

? 

None 

1 

- 

Orth. 

± 

lU 

Yllc 

XIIJ 

CoWleuto 
vetrp^CtceD 

Dist  D  010 

? 

g.    Birefringence  very  rtrong  >0.0445  <0.0565 

+ 

Orth. 

- 

lU 

XWe 

Zil* 

Colorless 
to  brown 

Y>Z>X 

Kit  II  m 

1.71 

+ 

Mono.7 
P».Tet.T 

+ 

He 

0" 

Zllr 

p^.ts:.% 

Poor  II  no 

I.St 

+ 

Mono. 

± 

moo 

lif? 

XU 

Colorless 
toreltowish 

Y>Z=X 

Dist  11 100 

1.81 

- 

Orth. 

+ 

we 

Z\\e 

XU 

Iov.XtcIIow 

Y>Z>X 

moo 

7 

- 

Orth. 

± 

le 

YH^ 

X|[* 

Y<nnEeTdloir 

"y^^V 

Dist  II 010 

i.tr 

idb,Go(5glc 


ixial  Minerals  (Coot.) 


4^3 


»„ 

"p 

«g~«p 

OPT.  ANG. 

DISP. 

NAME 

COMPOSITION 

7 

1.SS3 

1.877 

0.020 

2F=70°± 

P<* 

PbSO. 

'"* 

7 

0.020 

2£-=73''± 

strong 

Ardennlte 

SiL  of  T^3f°.H 

S 

7 

0-022 

2/r=62«± 

T 

Wkrwickite 

(MgJ-e)**.?!©. 

? 

0.022 

2^=93" 

atrong 

Atacamite 

CMoa^ja 

>..78 

7 

OJNW 

■ttODB 

2»'^=85'' 

•trong 

Gaddinite 

BetFe(yO)t(SiO*)i 

Bl 

L.7915 

1.7684 

0.035 

2V=^m->± 

p>w 

HortonoUtc 
(Olivine) 

tF^Mg)^0. 

im 

7 

Strong 

2jy=9= 

?>» 

AlUctite 

llMCAs04V4Mn(OH). 

1 

7 

Strong: 

2ff=9i-> 

Ind.  IttoIiK 

R«>lS-» 

AsS 

1.750 

7 

0.03 

2^=80= 

W«lc 

UTenit* 

m.  of  Na^^n.CaJ'e 

n 

! 

1.7131 

0.O445 

2^=72° 

7 

Lorenzenite 

Na,(Si.Ti.Zr)^ 

' 

7 

Strong 

2/^=85° 

'dS: 

PKndobiookite 

Fe4CTiO.).7 

1.83 

7 

Strong 

2jy=97° 

strong 

Desdoidte 

(Pb.ZnXPbOH)VO* 

JS 

7 

Strong 

2r=«P± 

P>r 

HortonoUte 
(OliTine) 

(Pa!g)«SiO* 

'        ? 

1.7431 

0.0445 

lE^TT 

7 

Lomuenite 

Na,(S!,Ti^r)sO, 

1.9277 

1.9272 

0.0548 

2V=\if 

T 

Beccwite 
(Zircon) 

(Zr5i)0j 

1.7965 

1.7957 

0.0454 

2E=V±L 

p<V 

MouMlto 

(CeJ-iiJH)P04 

;2.5 

7 

D.018 

2KUige 

f>v 
strong 

Um»M» 

Fe,(OH>Os 

1.8641 

1.8236 

0.050 

2^=50= 

P>» 

F>r«Ute 

FeiSK). 

idb,Go()glc 


idb,Go(5glc 


idb,Go(5glc 
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C.  (II).  Anisotropic 


Refringence  verj  high  >1.7S  (Cont.) 

g.    Kiefringeiice  vtxj  strong  >0.0445  <0.056S  (Cont.) 


SIGN 

SYST. 

ELONGATION 

OPT. 
ORIENT. 

.„o™„ 

CLEAVAGE 

Sign 

Diiec. 

ExtAng. 

COLOR      aoouM. 

- 

Oith. 

± 

ic 

Tlk 

XII « 

^fsnaiir 

Y>Z>X 

Distil  010 

- 

Hrao. 

+ 

s* 

Z\li 

XA«= 
~2f 

Bine  ID  masa 

7 

Pcrf.11100 
Poor  II 001 

- 

Uno. 

-       .. 

^4^ 

Y||« 

Zrdlowto 

X>Y>Z 

Pert.  11 110 

+ 

Orth. 

ZHf 

Yll* 

YeUow 
in  masa 

Foot  li  001   , 
Poor  II 110  1 

+ 

Orth. 

± 

We 

Ylk 
Na  light 

Zla 

Yellow 
and  brown 

!z>Y>X  or 
Z<Y>X 

—  1 

+ 

Orth. 

± 

II 100 

rii« 

ZWc 

Brown 

Pert  moo  j' 

+ 

HODO. 

+ 

l-^ 

ZAf= 

YD  * 

Red  in  mast 

Distil  110  : 

■f 

Mono. 

+ 

II. 

-12" 

YD* 

Pale  hlne 

Perf.||021 
Poor  |[  100  ' 

+ 

Uono. 

- 

11001 

+51°± 

Y  II* 

ColorteMor 
nearly  m 

DisL  C 110  , 

- 

Orth. 

+ 

Ik 

Zlk 

X  lid 

Colorless 

DistlllOD  1 

_ 

Orth. 

+ 

II  f 

zik 

XII* 

Bright  red 

Weak 

DistlllOO  ! 

- 

Orth. 

± 

11  c 

Yllf 
Na  Ugbt 

XII* 

Z«M«tr«Uow 

Y>X>Z 

Perf.  1  010  1 

- 

Orth. 

- 

C^ 

XUf 

ziii 

Colorless 

Distil  110 
Dist  11021 

- 

Orth. 

- 

\\c 

xu 

Z|[* 

Red  to  black 

? 

Perf.  II 010 

- 

Mono. 

+ 

II 001 

XI.. 

Yll* 

Colorless 

Perf.  11 001 

- 

Mono. 

- 

11100 

XA^ 
+12=^ 

Y|[* 

Colorless 
to  brown 

Weak 

Dirt.  11 001 
Poor  II 010 
Puting    110 

- 

Mono. 

- 

1'  c 

XA.= 
+23- 

Y||* 

Green 
in  mass 

7 

Peif.  II 001 

Poor  li  010 

- 

Mono.    1    - 

II  001 

XA^-= 
+84° 

Yll* 

Vermilion 

None 

Perf.  11 100 

idb,Go(5g[c 
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1 

»p 

Hg-Hp 

OPT.  ANG. 

DISP. 

NAUE 

COMPOSITION 

'    1.80 

? 

StroDg 

2.^=160' 

P>v 

Tephrolte 

UntSiOt 

-593.1.8380 

1.8092 

O.OSO 

2^=80= 

"^ 

Unarite 

Svd.  of  Pb,Cn3 

Wl.79M 

1.7630 

0.0186 

2K=62= 

P>V 

Acmlte 

NaFe{SiO»). 

a05l2.0383 

1.9505 

0.290 

2;'=69= 

P<v 

Siapkii, 

S 

S6S 

.588 

»J 
580 

.... 

2.5832 

0.1582 

toK" 

P>v 
extreme 

BrooUte 

TiO, 

2^4190 

a.42 

2.3742 
-2J977 

0.0826 
.0.0611 

2»'=73» 
to  75" 

P<v 
strong 

(SbO)sCT(ijn>),0. 

7 

StIODg 

2ri«ge 

IncL 
strong 

Ciocoite 

PbCrO* 

7 

7 

0.200 

2£=151» 

P>v 
Boris.  dUt 

AMorlta 

Cn»(0H)i(COs), 

1.8M0 

1.8879 

0.1214 

2V=2T'± 

strong 

Titudta 

CaTiSiO, 

2.1161 

2.0767 

0.0813 

2^-82" 

7 

Unrionite 

Pb(OH)a 

3.176 

3.078 

O.UO 

2K8m«ll 

7 

Pb(TUg).As4S. 

2.5+ 

7 

0.134 

to68» 

P<v 
extreme 

Goothlt. 

FeO(OH) 

08 

2.076 

1.804 

0.274 

2^=17'' 

'iZ 

PbCO. 

U 

4.046 

3.194 

1.109 

2»'=26'' 

strong 

BtibBlt* 

SbsS) 

1 

I 

? 

0.070 

2£--23°± 

strong 

Leadhillite 

(PbOH),Pbi{CO»),SO. 

>■ 

s 

7 

Very 
Strong 

2£=72"± 

7 

BaddelcTite 

ZrOs 

' 

1.8S 

7 

0.200 

2£-89= 

? 

KklAoUta 

Cu<OHW:0, 

I 

3.. 

? 

Very 
strong 

2l'-^65''± 

? 

Smithite 

AgAsSi 

idb,Go(5glc 
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APPENDIX  I. 
The  Optical  Study  of  Opaque  Minekals. 
While  our  knowledge  of  the  microscopic  characters  of  transparent 
minemla  has  increased  with  remarkable  rapidity  during  the  last  fifty  years, 
that  of  the  optic  characters  of  opaque  minerals  has  remained  at  a  stand- 
still in  a  very  unsatisfactory  condition.       Mineralogists  are  to  be  con-     ' 
gratulated  that  there  is  good  reason  to  believe  that  a  new  era  is  at  hand 
when  we  shall  be  able  to  study  the  opaque  minerals  microsci^icqlly  with 
results  not  greatly  inferior  to  those  obtained  at  present  with  transparent 
minerals. 

During  the  last  two  years  several  articles  have  appeared  by  Campbell  ^ 
and  Knight  which  have  been  especially  notable  as  representing  the  suc- 
cessful aM>lication  of  the  methods  of  metallography  to  the  study  of  opaque 
minerals.  By  very  careful  polishing  of  surfaces  on  opaque  minerals,  and 
powerful  vertical  illumination,  these  investigators  have  made  im- 
portant discoveries  concerning  the  microslructure  of  the  minerals 
studied.  They  have  examined  chiefly  samples  of  copper,  nickel,  and  iron 
ores  by  the  methods  of  metallography  and  have  obtained,  results  which 
have  important  bearings  on  the  origin  of  certain  ore  deposits.  But  these 
methods  involve  simply  a  study  of  structures,  and  not  a  studyof  the  in- 
ternal characters  of  the  respective  minerals,  such  as  is  revealed  by  the 
polarizing  microscope  as  applied  to  transparent  minerals.  The  only 
knowledge  of  internal  characters  obtained  by  the  metallographist  is  that 
derived  from  the  study  of  etching  figures,  and  these  are  not  easily  ob- 
tained, especially  on  ."iurfaces  only  of  microscopic  size. 

The  development  of  a  method  of  microscopic  investigation  which  per- 
mits determination  of  the  internal  optical  characters  of  opaque  minerals 
is  manifestly  of  the  utmost  importance ;  its  accomplishment  is  of  such 
recent  date  that  the  possibilities  of  the  new  method  can  not  yet  be  fully 
stated,  but  it  is  clear  that  it  will  result  in  a  marked  increase  in  our 
knowledge  of  opaque  minerals,  and  that  we  shall  no  longer  consider 
that  the  minerals  that  make  up  the  bulk  of  all  our  ore  deposits  are  outside 
the  field  of  optical  microscopic  study. 

The  new  method  of  study  is  due  to  the  ability  of  Johan  Konigsberger  •, 
who  has  devised  apparatus  by  means  of  which  he  is  able  to  distinguish 
at  a  glance  between  isotropic  and  anisotropic  opaque  minerals,  to  determine 
the  pleochroic  formula  in  reflected  light,  to  determine  quantitatively  the 
relative  reflecting  power  for  rays  vibrating  in  different  directions,  and  to 
determine  the  exact  position  of  the  axes  of  ether  vibration.  It  is  clear  that 
this  last  determination  will  give  angles  corresponding  exactly  to  extinction 
angles,  and  will  thus  indicate  the  relation  between  the  internal  sym- 
metry and  the  apparent  external  symmetry.  It  will  disclose  twinning, 
whether  this  complexity  is  evident  from  the  external  form  or  not. 

'  Boon.  Oeat.  I.  p.  791.  I.  p.  767.  IL  p.  860. 
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The  chief  difficuhiea  encountered  in  undertaking  studies  by  the  new 
method  are  due  to  the  delicacy  of  the  apparatus  emt^oyed  and  the  necessity 
for  obtaining  a  very  high  polish  on  the  material  examined.  The  prepara- 
tion of  this  polished  surface  is  said  to  require  about  three  hours'  time  in 
the  hands  of  an  experienced  workman.  While  these  difficulties  will  un- 
doubtedly prevent  a  wide  usage  of  the  new  method,  they  are  apparently 
little  if  any  greater  than  the  difFicukics  encountered  at  the  birth  of  modem 
petrography. 

The  following  condensed  translation  of  Konigsberger's  articles  was 
prepared  by  Mr.  Edward  Steidtmann: 

AN   APPARATUS   FOR   THE   RECOGNITION    AND    MEASURE- 
MENT OF  OPTICAL  CHARACTERISTICS  OF 
OPAQUE  SUBSTANCES. 
The  apparatus  enables  one  to'  detect  the  presence  of  anisotropic  sub- 
Stances   in   a   polished   surface  of  an  opaque   fragment,  and  to  determine 
their  optical  orientation,  as  well  as  to  measure  the  difference  between  the 
lUtually    perpendicular 


reflecting  capacity  (the  ratio    ■  ')  of  any 


which  a 


an  be  used  in  the  optical  study  ■ 
e  opaque  even  in  thin  sections, 
in   Ihe   investigation    of   ore   specimens   and    rocks 
containing  ores,  and   in  the  physico-chemical  study 
of  metals,  alloys,  and  meteorites. 

The  apparatus  consists  essentially  of  the  fol- 
lowing parts:  (fig  i)  P<  is  a  totally  reflecting, 
precisely  rectangular  prism  which  is  slightly  < 
centric  in  its  position.  5  is  a  very  carefully  ground 
and  adjusted  Savart  plate,  consistii^  of  a  calcite 
double  plate  (cut  at  less  than  45°),  crossed,  and 
0.6  mm.  in  total  thickness. 

N  is  the  central  nicol,  which  must  not  have  too 
small  an  aperture ;  F,  a  telescope  with  approxi- 
mately seven  fold  magnification  and  a  focus  at 
infinity.  0  is  the  objective  of  the  microscope  with 
a  focal  distance  of  5.3  cm.  (Zeiss  achromatic  AA 
or  DD.)  AA  which  produces  a  magnification  of 
too  diameters  with  the  telescope  is  the  best  suited 
for  this  purpose.  In  order  to  use  DD  and  in  gen- 
eral for  very  accurate  measurements,  it  is  advis 
able  to  use  in  place  of  the  ordinary  totally  re- 
flecting eccentric  prism,  a  centric  prism  with  a  cy- 
lindrical prism  similar  to  Nachet's  to  set  on  its  cen- 
tral surface.  The  images  would  be  then  dearer, 
brighter  and  free  from  polarization,  even  under 
high   magnification. 

M  is  the  prepared  substance.  J  is  the  adjusting 
device.    PI  is  a  glass  plate  whose  inclination  with  | 
the  microscopic  axis  can  be  changed  to  any  desired  ^^   ^  Ki)nl«.b«r»tir-a 


angle.    (Indicator  2  and  scale  Sc).    Since  the  r 
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fleeting  power  of  glass  for  the  directions  of  vibration  parallel  and  per- 
pendicular to  the  plane  of  incidence  varies  with  the  angle,  and  since  it 
can  be  calculated  from  the  index  cff  refraction  and  the  angle  of  incidence 
to  within  0.3%,  a  table  which  is  anilicable  to  yellow  light  is  added  to 
the  scale.  This  table  gives  directly  the  amount  of  polarization,  and  from 
this  is  obtained  the  relation  of  the  reflection  in  the  two  directions  on  the 
prepared   substance  whose   difference  has  been   compensated  by  the  glass 

The  telescope  of  the  apparatus  is  focused  on  infinity  and  the  plate  PI 
is  placed  in  a  position  normal  to  the  axis  of  the  microscope.  Then  a 
source  of  light,  (Welsbach  intense  sodium  light,  or  mercury  lamp)  and  a 
lens  are  placed  on  the  table  at  exactly  the  same  elevation  as  the  aperture 
ai  the  totally  reflecting  prism,  and  a  somewhat  diffused  image  of  the 
source  of  light  is  thrown  upon  the  aperture.  Following  this  any  isotr(^ic 
metallic  mirror  is  placed  under  the  microscope.  At  this  juncture,  the 
Savart  bands  must  not  be  visible,  but  they  should  appear  in  the  middle  of 
the  field  of  view  if  the  glass  plate  is  now  rotated  through  a  large  angle. 
Two  of  the  Savart  bands  are  nearly  black  and  achromatic.  If  the  plate 
PI  is  ttimed  back  to  the  zero  position,  the  bands  again  disappear.  When 
the  glass  plate  is  in  a  horizcMital  position  and  the  metallic  mirroT  is  re- 
placed by  a  cleavage  plate  of  stibnite,  the  bands  appear  brightest  in  four 
positions  of  a  complete  rotation,  and  disappear  entirely  in  four  inter- 
mediate rectangular  positions.  This  indicates  that  the  reflecting  capacity 
of  the  substance  is  not  uniform  in  all  directions,  i.  e.,  the  substance  is 
anisotropic.  If  the  substance  is  composed  of  both  anisotropic  and  isotropic 
portions,  then  the  bands  appear  only  in  the  former. 

The  plates  should  be  so  placed  on  the  stage  that  their  reflecting  »ur- 
faces  are  perpendicular  to  the  axis  of  the  microscope  and  to  that  of  the 
rotating  stage.  This  position  is  recognized  bf  the  fact  that  the  illumina- 
tion is  unchanged  when  the  stage  is  rotated  with  the  plate.  In  order  to 
facilitate  this  adjustment,  I  have  had  the  firm  of  Voigt  &  Hochgesang  con- 
struct a  small  adjusting  device,  consisting  of  a  screw  and  small  rotating 
table.  This  device  is  to  be  preferred  to  the  conventional  adjustment  by 
means  of  three  screws,  because  of  its  more  stable  position  and  its  simple 


The  focusing  of  the  microscope  is  accompliriied  by  a  sharp  focus  on 
the  reflecting  surface  to  be  investigated. 

If  the  reflecting  surface  is  homogeneous,  the  Savart  bands  are  all 
perceived  simultaneously.  This  is  the  case  in  cleavage  plates  of  stibnite 
and  natural  crystals  of  pyrite. 

Frequently,  however,  in  ore  samples,  and  alloys,  the  surface  presents, 
when  moderately  polished,  a  maze  of  striae,  fracture,  and  crystal  boun- 
daries, and  this  makes  the  recognition  of  the  Savart  bands  difficult,  when 
these  are  not  clearly  defined.  One  can  overcome  this  difficulty  in  either 
one  of  two  ways;  namely,  by  using  the  most  powerful  objective,  when  a 
greater  portion  of  the  field  will  present  a  homogeneous  reflecting  surface, 
or  by  rither  raising  or  lowering  the  microscope  tube  so  that  the  focus 
is  ill-defined  and  fractures  and  strix  partially  disappear,    Occasioiully  both 
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methods  can  be  employed  simultaneous!)'.  Sometimes,  it  is  necessary  to 
obtain  more  perfect  polish. 

The  manipulation  of  the  apparatus  is  of  course  not  as  simple  as  the 
mere  determination  of  luster  and  streak  of  a  mineral.  Its  introductioo 
might  therefore  be  regarded  as  a  retrogressive  step  in  comparison  with  the 
macroscopic  diagnosis.  If  one  considers,  however,  that  the  introduction 
of  microscopic  study  of  transparent  substances  brought  about  a  tremendous 
complication  of  methods,  and  nevertheless  proved  to  be  of  extreme  use- 
fulness,  it  may  be  hoped  that  this  method  may  prove  to  be  of  similar, 
though  perhaps  more  limited,  service  in  the  study  of  opaque  minerals. 

The  recognition  of  anisotrc^ic  opaque  substances  1^  this  method  proves 
to  be  very  simple.  A  glance  in  the  microscope  shows  that  the  spherical 
botryoidal  minerals  from  Eribergwerlc  am  Schauinsland  (Freiburg  L  B!), 
which  are  commonly  described  as  pyrite  are  a  mixture  of  pyrite  and  mar- 
casite.  The  glauconite  of  Hakansboda  cut  parallel  to  ooi  proves  to  be 
intergrown  with  a  differently  oriented,  weakly  anisotropic  substance,  uame- 
ly  chalcopyrite. 

This  method  also  supplements  the  study  of  twinning  in  a  very  de- 
sirable manner,  since  the  principal  optic  directions  of  the  various  crystals 
can  be  determined  easily. 

Several  ore  samples  reveal  tfieir  isotropic  and  anisotn^ic  constituents. 
In  mineral  diagnosis,  the  knowledge  of  the  isotropic  or  anisotropic  char- 
acter of  minerals  is  very  important.  The  methods  also  enable  the  observer 
to  detennine  the  relation  of  the  optic  directions  to  the  crystal  outline,  and 
from  this  the  relation  between  optic  and  crystaltographic  symmetry'  can 
be  inferred. 

The  apparatus  may  prove  especially  useful  in  the  study  of  symmetry 
relation^of  chemically  homogeneous  minerals.  The  relaticms  for  example 
of  the  crystallographtc  and  optic  symmetry  of  a  plane  can  be  detennined. 
For  this  and  the  following  measurements,  a  contrasting  device  is  attached 
in  front  of  the  totally  reflecting  prism.  This  contrasting  device  consists 
of  a  lens  and  two  slightly  colored,  smoky  quartz  plates,  which  are  at 
right  angles  to  each  other.  As  a  result  of  its  use  the  Savart  bands  are 
feebly  visible  in  the  ocular,  and  they  are  shifted  half  the  width  of  a  band 
in  the  two  halves  of  the  field  of  view,  but  their  sharpness  and  contrast  are 
the  same  in  the  two  halves. 

If  the  plate  on  the  stage  is  very  weakly  anisotropic,  then  the  bonds  be- 
come more  distinct  in  one-half  of  the  field  and  tend  to  dtsamtear  b  the 
opposite  half.  This  contrast  can  easily  be  distinguished,  as  a  difference 
of  0.3%  in  reflecting  capacity  can  be  determined  with  certainty. 

As  will  be  explained  later  the  relation  of  optic  symmetry  lines  to  crys- 
tallographie  symmetry  lines  can  readily  be  determined  In  the  same  man- 
ner; while  heretofore  very  painstaking  observation,  and  very  trying  calcu- 
lations were  necessary  to  achieve  the  same  result,  as  for  instance,  the 
careful  study  of  E.  C.  Mullert  on  stibnite  and  of  Forstertingt  on  hem- 
atite. 

The  sensitiveness  of  the  device  as  well  as  the  entire  apparatus  can  be 

tff.  Jahrb.  f.  Uin.  Bell.  Bd.  XVH.  p.  1S7.  l»a. 
t».  Jahrb.  f.  Itin.  XXV.  p.  S50.  190S. 
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tutcd  best  on  transparent  anisotrt^ic  material.    It  is  theoretically  best  to 
use  only  one  surface.    In  ttiis  case  the  rear  surface  is  covered  -with  black 
■hellac.    If  the  plate  has  parallel  sides  botii  lurfacej  could  be  employed. 
From  Fresnel's  intensity  formulas  one  can  deduce  that  in  weak  double 

refraction    for    reflection    on    one    surface      — =, i— —  in 

I'  («'  — 1)  («'  +  I) 
which  n'  is  the  greater  index  of  refraction,  I"  is  the  complementary  re- 
flected intensity  and  d  is  the  magnitude  of  double  refraction.  For  a 
cleavage  plate  of  gypsnm  of  any  thickness,  the  intensity  ratio  for  sodium 
light  is  exactly  1%  for  the  two  surfaces  If  they  are  in  the  correct  posi- 
tion; for  mica,  it  is  1.5%.  It  follows  that  these  values  can  be  eauly 
recognized.  For  the  calibration  of  the  glass  plate  for  measuring  the  ratio 
of  intensity  the  following  serve:  Quartz  parallel  to  the  axis:  I  or  a  sur- 
faces, -=7-=  0.958;  calcite  parallel  to  the  axis:  i  surface  j-  =a623; 
t  surfaces  -^  =  0A37 ;  mica :  I  or  a  surfaces  -=j-  =  0.965.  These  con- 
stants can  readily  be  calculated  for  any  color  and  from  them  the  glass 
plate  can  be  calibrated. 

The  apparatus  is  constructed  by.  R.  Fuess  in  Steglitz  be!  Berlin. 
(Konigsberger  expresses  a  willingness  to  test  the  sensitiveness  of  each 
instrument  and  the  accuracy  of  its  calibration  if  it  be  sent  to  him  for  that 
purpose.] 

GmNDING  AND  PCOJSHING. 

The  ordinary  technical  and  metallograp4iic  methods  by  which  a  high 
degree  of  polish  is  given  to  even  soft  substances,  by  means  of  a  rapidly 
rotating  disc,  yield  a  streak  polish  which  is  entirely  useless  for  these 
optical  measurements,  even  if  for  the  eye  the  effect  is  equal  to  the  more 
painstaking  treatment  to  be  described.  In  certain  soft  noncrystalline  sub- 
stances as  certain  alloys  and  metals,  the  polish  as  commonly  obtained 
may  surpass  that  obtained  by  the  method  described  below.  The  use  of 
a  polishing  steel,  as  in  polishing  gold,  silver,  and  other  precious  metals, 
or  even  of  hematite,  is  rarely  adapted  to  crystalline  substances,  and  is 
certainly  open  to  theoretical  objections,  since  the  pressure  results  in  re- 
arrangement of  molecules,  and  increase  in  density,  and  therefore  a  change 
in  optic  constants. 

If  a  surface  of  a  large  crystal  is  to  be  polished  for  the  purpose  of  exact 
optical  study  then  an  exact  orientation  is  necessary  except  for  isometric 
minerals.  For  this  purpose  I  have  used  the  convenient,  cheap  and  pre- 
cise instrument  of  E.  A,  Wulfing'  with  the  greatest  success.  A  con- 
tact goniometer,  accurate  to  Yi  degree  suffices  for  the  control ;  since  at 
present,  the  optical  characteristics  of  metallic  absorbing  substances  caA 
not  be  investigated  with  such  precision  that  a  more  exact  orientation  is 
demanded. 

The  process  of  grinding  should  be  accompanied  by  frequent  goniometric 
measurements  to  obtain  the  desired  orientation. 

[Konigsberger  made  a  painstaking  research  on  polishing  agents  and 
summarizes   his    results.     He   recommends   chrome   oxide   as    an   efficient 
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polishing  abrasive  for  all  minerals,  excepting  elements  and  allojrs.  Chal- 
copyrite,  however,  must  be  treated  with  a  leather  impregnated  with  Paris 
red  in  order  to  reach  the  highest  state  of  polish.] 

The  preparatior  is  glued  with  sealing  wax  in  a  warm  condition  to  a 
thick  glass  plate  with  rounded  edges.  The  sealing  wax  must  be  spread 
evenly  over  the  edge,  and  must  present  no  depressions  in  which  polishing 
powder  could  lodge  itself. 

The  surface  is  groitnd  to  approximately  the  desired  size  and  shape  on 
a  rotating  polishing  plate.  Now,  if  the  surface  is  to  be  oriented  it  is 
fijted  to  the  tripod  of  the  grinding  apparatus  as  described  by  Wulfiog. 
In  order  to  obviate  the  hand  manipulation  of  the  following  operations,  the 


Ftg.  2.  Pollablng  apparatus.  After  KBDlsaberger. 
grinding  apparatus  A  (fig.  2)  is  attached  to  the  simple  device  represented 
in  figure  2.  A  is  fixed  eccentrically  to  the  axis  B,  which  is  rotated  by  the 
large  wheel,  C.  In  order  to  prevent  constant  polishing  of  one  circle  by 
which  the  linen  is  easily  torn,  Ac  grinder  A  can  rotate  about  its  own 
axis  D.  The  axis  D  is  inserted  loosely  into  the  perforated  plate  of  the 
grinding  apparatus.  It  is  clamped  at  E  at  the  top.  Its  elevation  can  be 
regulated,  a  lead  weight  F  increases  the  pressure  and  a  lead  ring  set  on 
a  screw  transposes  the  centre  of  gravity  outside  the  axis  D.  .  In  conse- 
quence of  this  arrangement,  a  rotation  about  B  induces  a  slower  rotation 
about  D,  and  the  entire  surface  H  is  utilized  for  grinding.  H  is  a  round 
glass  plate.  About  this,  a  frame,  which  can  be  tightened  by  means  of  a 
screw  is  placed.  Fine  polis'hing  powder  is  placed  on  the  screw  and  the 
surface  is  ground  slightly.  Then  thinner  linen  is  stretched  upon  it.  This 
linen  must  be  quite  free  from  knots,  and  then  is  ground  when  moist  with 
the  very  finest  polishing  powder.  Even  at  this  stage,  a  lustrous  polish 
may  appear,  depending  on  the  hardness  of  the  minerals.  Usually,  bow- 
ever,  the  polishing  must  be  continued  when  dry,  with  the  finest  twice- 
washed  polishing  powder  as  directed  by  Le  Chatelier. 

In  many  cases,  the  following  additional  treatment  is  necessary.  On 
a  very  finely  ground  glass  plate,  fine  linen  is  stretched  and  carefully 
washed  chrome  oxide  is  employed  as  a  polishing  agent  Le  Chatelier's 
device  is  recommended  for  washing,  or,  even  better,  is  an  apparatus  used 
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for  washing  and  separating  soils.  Very  soft  ores — galena,  stibnite — arc 
then  polished  by  hand  on  pear  tree  wcod  over  which  finest  linen  batiste 
is  stretched.  Finally,  they  are  rubbed  by  a  bunch  of  the  same  linen.  Soft 
leather  also  g'ves  excellent  results.  It  is  more  durable  than  linen  but  has 
the  defect  that  hard  bodies  from  the  air  becoming  lodged  in  it,  destroy 
the  polish,  and  develop  curved  surfaces.  The  capacity  of  taking  on  polish 
does  not  in  all  cases  (as  one  might  assume)  depend  on  the  hardness  of 
the  material  as  it  does  in  the  case  of  iron.  By  suitable  treatment  soft 
stibnite,  and  hard  steel  are  rapidly  polished  while  galena  and  hematite 
take  on  complete  polish  only  after  long  treatment,  and  in  the  case  of 
several  substances  perfect  polish  cannot  be  obtained.  As  noted  by  H. 
Behrens  >,  the  penetration  of  grains  of  the  polishing  agent,  the  passing  of 
the  elastic  limit,  and  according  to  the  author's  experience,  the  nature  of 
the  fracture  and,  not  least,  the  microchemical  reactions  between  the  polic- 
ing agent  and  the  preparation  are  the  most  important  factors  in  securing 
perfect  polish. 

If  the  work  does  not  concern  crystals  which  must  be  studied  in  definite 
orientation,  then  the  following  simple  and  time  saving  grinding  apparatus 
can  be  used.  The  substance  is  fixed  on  the  Plate  A,  as  in  the  preceding 
description.  Then  a  surface  is  ground  on  a  rotating  polishing  plate. 
TlieTeupon  the  plate  is  fixed  at  B,  the  screws  C  and  D  are  slightly  loos- 
ened, and  the  plate  is  adjusted  by  hand  as  nearly  as  possible  parallel  tc 
the  polishing  plate  E,  which  is  opposite. 

This  adjustment  is  made  by  means  of  rotations  about  the  two  rectangu- 
lar axes  F  and  G,  which  are  in  a  plane  normal  to  the  axis  of  the  polishing 
disc  H. 

The  first  grinding  is  done,  dry.  on  firm  coarse  linen  with  coarse  polish- 
ing paper,  and  then  on  finer  linen  with  tinest,  washed  polishing  ponder. 
Frequently  the  substance  then  has  perfect  polish  1  otherwise  the  polishing 
is  continued  <n)  the  finest  linen  with  washed  chrome  oxide.  Between  the 
successive  operations  careful  cleaning  of  the  apparatus  and  dusting  of 
its  surroundings  are  necessary.  If  this  is  done,  any  substance  or  any 
hand  specimen  cf  four  square  centimeters  in  size  can  be  ground  attd 
polished  in  three  hours.  The  linen  and  the  polishing  agent  must  be  stored 
separately, 

A  motor  of  1-16  horse  power  is  adequate. 

The  motor  and  complete  .grinding  apparatus  are  furnished  by  Fuess. 

PART  II. 
Objections  to  the  Method. 
[Under  this  heading  Konigsberger  states  that  the  disturbing  influence 
which  slight  changes  in  crystal  surfaces,  caused  by  stria;,  cleavage  and 
twinning  planes,  have  on  the  reflecting  capacity  as  pointed  out  by  P. 
Drude  =  and  H.  du  Bois  '  can  be  overcome  entirely  by  perfecting  the  polish 
of  the  surbces.] 

'Aim.  Eaole  Potvt.  Delft.  I88T. 

■  WIta.  Vol.  XXXVI.  1889.  pp.  649.  ggG. 

•WUa.  Anit.  Vol.  XLVI.  188(,D.  HJ, 
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Uses  of  tbe  Appabatits. 

T^e  partially  described  experiments  of  the  following  pages  are  incom- 
plete and  can  only  indicate  the  special  fields  of  physics  and  mineralogy 
in  which  this  apparatus  may  be  useful.  The  direct  application  must  be  left 
to  special  research. 

I.    Deterhimattoi^   op   Ektinctiom    Ancles. 

The  determination  of  Ihc  relation  of  optic  symmetry  lines  to  crystallo- 
graphic  lines  in  opaque  substances  has  been  accomplished  hitherto  only  by 
the  theoretically  and  experimentally  difficult  method  of  Jamin.  WiSi  the 
new  apparatus,  it  is  only  necessary  to  introduce  the  contrast  plate  and 
about  I0-2O  readings  are  taken  on.  the  extinction  of  the  bands.  This  can 
be  done  in.  lo  minutes.  The  ajigle  between  [he  line  of  extinction  and  the 
crystallographic  direction  is  determined  by  the  cross  hairs.  Ten  deter- 
minations on  a  cleavage  plate  of  stibnite  showed  coincidence  between  c^tic 
and  crystallographic  directions,  i.  e.,  an  angle  of  45°  for  the  extinction 
angle  of  the  bands,  with  an  error  of  ±  so'  in  measurement. 

Observations  are  made  best  by  taking  two  readings  on  the  45°  position 
by  approaching  this  position  from  the  right  and  left  respectively.  The 
exactness  of  measurement  depends  on  the  strength  of  the  anisotropism. 
[birefringence],  Stibnite  has  a  moderate  birefringence  on  the  cleavage 
surface.  This  method  can  therefore  be  used  in  determining  whether  a 
mineral  has  monoclinie  or  orthorhombic  symmetry, 

II.    Determination  of  Anisotsopic  and  Isotropic  Minkram. 

In  the  case  of  anisotropic  substances  all  surfaces  (excepting  a  surface 
perpendicular  to  an  optic  axis)  must  present  extinction  and  reappearance 
of  the  Savart  bands  on  rotation  of  the  stage.  The  delicacy  of  the  method 
enters  into  consideration.  With  the  contrast  plate,  differences  of  14%  in 
reflecting  capacity  can  certainly  be  detected.  This  corresponds,  disregard- 
ing the  absorption,  to  a  double  refraction  of  0.6%  (w  ^  2.$.  mean  value 
for  ore).  For  transparent  substances,  as  is  well  known,  differences  of 
refraction  equal  to  0.05  can  readily  be  detected  with  trans- 
mitted light,  crossed  nicols  and  thin  section,  and  any  desired 
exactness  can  be  obtained  through  magnification  of  the  actual 
thickness  of  the  plate.  In  the  method  now  presented,  the  limit  of  exact- 
ness is  much  more  restricted,  i.  e.,  as  stated,  0.6%,  since  measurement  is 
independent  of  the  thickness  of  the  plate.  It  is  expected  therefore 
that  many  anisotropic  substances  will  he  mistaken  for  isotropic  minerals, 
however,  this  is  the  best  method  up  to  date  for  anisotropic,  opaque  sub- 
-  stances.  Sometimes  a  substance  appears  isotropic  for  one  color,  but  not 
for  others.  This  may  be  due  to  the  fact  that  the  anisotropic  characters 
for  n  and  nk  of  a  color  act  in  opposite  directions,  accidentally,  and  there- 
fore the  reflecting  capacity  which  is  the  resultant  of  both,  gives  the 
effect  of  an  isotropic  mineral.  This  case  is  parallel  to  that  of  a  condition 
present  in  some  rhombic  minerals  where  the  optic  angle  of  a  certain 
color  is  zero.  When  anisotropism  changes  sign  with  wave  length  change, 
apparent  isotropic  conditions  may  exist  in  white  light.  Substances,  whose 
crystals  present  a  close  approach  to  a  definite  symmetry  (as  molybdenite 
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and  graphite  to  hexagonal,  and  chaloopyrite  to  isometric)  also  present  in 
their  physical  properties  a  dose  approach  to  the  system  simulated.  This 
method  will  therefore  not  be  decisive  in  certain  absorbing  substances, 
since  small  differences  cannot  be  detected. 

Howeverj  in  the  following  cases,   this  optic  investigation  will  be  con- 

\.    When  Bte  symmetry  is  reached  through  hidden  twinning  structure. 

2.  When  crystals  with  good  faces  cannot  be  obtained,  the  (^tic 
investigation  affords  a  more  rapid  and  certain  method  for  determining 
anisotropism  and  isotropism,  than  the  study  of  any  other  physical  property. 

3.  When  crystallographic  measurements  nuke  it  advisable  to  accept 
several  values  for  the  axial  ratio,  as  well  as  several  positions  of  orienta- 
tion, a  comparative  study  of  the  magnitude  and  direction  of  anisotropic 
characters  of  related  crystals  may  determine  the  position  of  orientation, 
as  for  instance,  the  transparent  minerals  of  the  feldspar  group.  Obviously, 
the  optic  axes,  i.  e,,  the  directions  of  isotropic  reflection  in  biaxial  minerals, 
cannot  be  decisive. 

As  in  transparent  substances,  the  optic  symmetry  (the  principal  axe* 
of  the  ellipsoid)  in  transparent  substances,  and  the  value  of  n  and  nk  in 
these  directions  arc  conclusive.  The  opiic  axes,  which  change  iheir  di' 
rections  for  even  slight  changes  in  «,  arc  not  decisive. 

A  special  case  is  presented  by  hematite  ore.  A  polished  surface  parallel 
10  the  direction  of  the  fibers  showed  anisotropism,  I^:  I^^cxSa.  TIu> 
holds  for  all  surfaces,  excepting  those  perpendicular  to  the  fibers.  Here 
the  pleoehroic  reflection  is  a  result  of  structure,  like  the  illumination  of 
fibrous  minerals  in  transmitted  light  between  crossed  nicols.  In  general 
the  external  form  shows  whether  anisotropism  depends  on  crystal  sym- 
metry or  fibrous  structure.  Striation  of  surface  frequently  causes  aniso- 
tropic phenomena.  Therefore  such  surfaces  are  to  be  polished  very  care- 
fully. 

A  number  of  additional  results  are  added.  A  basal  cleavage  plate  of 
molybdenite  is  absolutely  isotropic;  similarly  hematite,  pyrite,  chromite, 
franklinite,  argeiitite  and  tetrahedrite  are  isotropic.  The  isotropism  of 
graphite  parallel  to  the  base  is  not  entirely  certain.  Pyrrhotite  parallel 
to  the  base  from  Morrho  Velho  appeared  on  the  cleavage  sur&ce  and  the 
polished  surface  to  be  composed  of  feebly  anisotropic  parts.  Glaucodot  is 
only  feebly  anisotropic'  normal  to  c  and  is  intergrown  with  a  strongly 
anisotropic,  light  yellow  mineral,  namely  chalcopyrite.  Chalcopyrite,  mela- 
nite^  boumonite  and  saitoiite  are  anisotropic,  Chalcodte  is  isotropic  on 
the  base.  Manganite  is  strongly  anisotropic,  and  coIrnnUle,  hematite  and 
ilmenite  arc  quite  stroi^ly  anisotropic. 

Th»  Investigation  of  Meteobttes. 

[Konigsberger  outlines  the  application  of  his  methods  to  the  study  of 
meteorites.] 
Investigatton  or  Intesckowths  AffD  Twin  Stktictukes  of  Csystals. 

In  many  cases  this  method  can  be  iised  in  determining  whether  an 
opaque  crystal  is  homogeneous  or  compound.    The  pyrite  of  Schauinsland 
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may  be  cited  a$  an  illustration.  It  has  a  spherical,  botryoidal  structure, 
present  in  most  ore  samples  from  this  district.  They  have  mostly  been 
identified  as  pyrite  in  the  past.  The  polished  surfaces  show  ttnder  the 
microscope  that  a  portion  and  generally  a  large  connected  portion  is  iso- 
tropic, i.  e.,  it  is  pyrite.  while  certain  iath-shaped,  ray-like  portions  are 
strongly  anisotropic,  and  are  therefore  marcasite. 

A  further  illustration  is  afforded  by  magnesioferrite  from  StrtMUboli. 
The  optical  investigation  shows  that  it  consists  of  a  feebly  reflecting  iso- 
tropic mass  (spinel)  and  a  powerfully  reflecting  mineral  (hematite) 
whose  orientation  varies.  In  marcasite,  the  complex  twin  structures  are 
evident  at  first  glance.  The  varied  orientation  of  the  individuals  is 
especially  plain.  If  one  individual  has  been  compensated  with  the  aid 
of  the  rotating  glass  plate,  the  bands  are  all  the  more  distinct  in  adjacent 
individtiala.  Several  marcasite  specimens  from  Leitmeritz  are  homo- 
geneous. In  pyrolusite  samples,  the  varied  orientation  of  the  anisotropic 
needles  is  readily  discerned.  A  pseudomorph  after  hematite  from  Brazil 
proved  to  be  isotropic. 

Investigation  of  Ore  Samples. 

The  optic  study  of  ore  samples  is  similar  to  the  study  of  thin  rock 
sections  although  much  less  accurate.  The  first  step  is  the  distinction  be- 
tween isotropic  and  anisotropic  ores.  For  anisotropic  ores  the  relation  of 
the  directions  of  least  and  greatest  reflecting  capacity  to  crystal  edges  or 
to  cleavage  lines  must  be  determined.  The  latter  and  the  shape  of  the 
sections  permit  the  classification  into  tetragonal,  hexagonal,  orthorhomtHC, 
monoclinic  or  triclinie  ores. 

A  simple  test  for  uniaxial  and  biaxial  minerals  seems  impossible  at 
present  since  parallel  light  must  be  employed. '  On  the  other  hand. 
the  magnitude  of  the  anisotropic  reflection  for  individual  min- 
erals is  a  characteristic  parameter.  The  thickness  of  the  plate  is  no 
factor  as  in  transparent  minerals  in  transmitted  light.  However,  the 
crystallographic  position  of  the  ground  surface  must  be  known,  as  in  the 
case  of  thin  sections.  The  methods  of  determining  this  crystallographic 
position  are  the  same  as  in  the  investigation  of  thin  sections ;  namely,  the 
character  of  the  bounding  lines  of  the  surface,  a/id  the  direction  ol 
cleavage.  The  statistical  method  of  Michel  Levy  can  also  take  the  place 
of  a  knowledge  of  crystallographic  position  of  the  surface.  In  order  to 
apply  such  methods  it  would  be  necessary  to  measure  the  difference  in 
reflecting  capadty  for  a  certain  color  in  the  principal  directions  of  the 
most  important  ores,  a  task  which  is  not  within  the  author's  power.  It 
is  merely  suggested  that  for  sodium  light  R^  :  R  ,  for  hematite  =0.881. 
R^  is  the  reflection  of  the  ordinary  ray,  i.  e.,  for  vibrations  of  the  electric 
(Fresnel)  vector  normal  to  the  axis  c.  R^  is  the  reflection  of  the 
extraordinary  ray.  For  a  cleavage  plate  of  stibnile  R^ ;  R^  =  0.893  (R, 
=  reflection  for  vibrations  of  the  electric  vector  parallel  to  the  a  axis). 
Some  qualitative  determinations  were  begun  on  other  crystals. 

Several  ore  samples  were  investigated  in  this  manner,'  for  instance,  one 


Bhow  tbBt  this  la  readily  posalble,  but  thU  anlaotroplam  is  very  small. 
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from  Tieful  bei  Amsteg  in  whkh  the  tennantite  is  reftdily  distinguished 
from  associated  orthorhombic  minerals,  which  are  similar  in  appearance, 
by  its  isotropic  nature. 

Ore  samples  from  the  Alps,  which  had  been  under  dynamic  conditicwt 
showed  anomalies  at  times,  for  example,  squeezed  galena  from  Inschiilp 
was  slightly  aniaotropic,  whereas  galena  from  other  localities  is  isotropic 
ApnJCATlON  ID  Metallockafhy. 

[The  aK>lication  of  the  new  methods  to  metaUograpbic  problems  re- 
lating to  the  constitution  of  alloys,  optical  relations  of  isomotphous  series, 
strains  and  heterogeneity  in  castings,  and  the  optical  properties  of  elcc- 
trolytically  deposited  metals,  is  discussed  by  Konigsberger,  and  most  fruit- 
ful results  are  anticipated.} 
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APPENDIX  II. 
Miero-Chemkal  Mtthods. 

Boricky  methods.  Use  of  hydroHuoiilick  acid.  The  simplest  process 
for  the  qualitative  determhiatioii  of  the  alkaline  and  earthy  alkaline  ele- 
ments  and  the  iron  of  a  given  mineral  is  that  devised  by  Boricky  by  the 
use  of  hydrolluostlicic  acid.  For  this  purpose  a  minute  piece  of  the  min- 
eral, not  larger  than  the  eye  of  a  common  needle,  and  as  small  as  can 
conveniently  be  manipulated  with  the  point  of  a  needle,  is  placed  on  the 
surface  of  a  film  of  hard  Canada  balsam  covering  securely  a  part  of  the 
surfatx  of  an  object-glass.  This  small  piece  is  then  gently  covered 
with  a  small  drop  of  the  acid  from  the  point  of  a  platinum  rod.  The  prep- 
aration is  then  allowed  to  evaporate  entirely,' and  the  surface  of  the  bal- 
sam is  examined  with  an  objective  which  has  a  magnifying  power  of 
about  400  diameters.  It  will  be  found  to  be  sprinkled  over,  especially 
about  the  edge  of  the  desiccated  area,  with  minute  crystallites  having  per- 
fect forms  and  polarizing  and  extinguishing  on  rotation  between  crossed 
Nicols  according  to  the  systems  to  which  they  belong.  These  are  fluo- 
silicates  of  the  bases  present  in  the  mineral.  Compounds  of  sulphur, 
selenium,  tellurium,  arsenic  and  antimony  are  more  or  less  affected  by  the 
same  acid. 

In  order  to  hasten  the  drying  of  the  drop  lying  on  the  balsam  film, 
which  ordinarily  will  require  several  hours,  the  preparation  may  be  placed 
in  a  desiccator,  over  a  quantity  of  sulphuric  acid,  and  enclosed  in  the 
reservoir  by  the  cover  of  the  desiccator  which  will  protect  it  from  dust 
and  confine  the  fumes  of  the  sulphuric  acid. 

The  reagent  must  be  absolutely  pure,  a  drop  evaporated  on  a  film  of 
Canada  balsam  leaving  no  visible  residue,  and  it  must  be  kept  in  a  small 
platinum  jug.  Its  strength  should  be  about  2'/i  per  cent.  The  pitptn- 
tion  after  drying  can  be  covered  with  liquid  Canada  balsam  and  a  thin 
glass,  and  preserved  indefinitely. 

The  fluosilicates  are  identified  by  their  forms.  Those  of  potassum, 
cKsium  and  rubidium  belong  to  the  isometric  system.  Those  of  sodium, 
magnesium  and  iron  to  the  hexagonal  system,  and  those  of  lithium,  cal- 
cium and  strontium  to  the  monoclinie. 

The  fluosilicates  of  potassium,  sodium,  magnesium  and  calcium  can 
be  distinguished  at  a  glance.  The  micro-crystals  of  the  fluostlicate  of 
lithium  are  so  peculiar  as  to  be  easily  identified ;  but  those  of  atrcHitinm 
appear  much  like  those  of  calcium  and  are  also  easily  confounded  with 
those  of  magnesium,  or  with  those  of  iron  and  manganese. 

Plates  I  and  II,  from  Boricky's  work,  show  the  forms  of  these  flno^U- 
cates  when  examined  under  the  microsome. 

The  same  kind  of  tests  can  be  made  on  a  thin  rock  section.  If  the 
section  has  already  been  mounted  on  a  microscopic  slide,  it  must  be 
uncovered  and  freed  from  any  remaining  Canada  balsam.    The  drop  of 
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(he  acid  is  then  to  be  applied  carefully  to  ihe  mineral  grain  which  it 
is  desired  (o  test  for  the  alkalies  or  alkaline  earths. 

A  platinum  foil  pierced  with  a  needle,  may  be  so  cemented  on  an 
uncovered  thin  rock  section  that  the  hole  will  expose  to  the  action  of 
the  acid  only  the  grain  over  which  it  is  placed.  Or,  a  thin  glass  cover 
may  be  pierced  by  covering  It  with  Canada  balsam,  and,  after  cleaning 
off  the  balsam  over  a  small  area  with  a  needie,  covering  the  spot  with 
a  drop  of  hydrofluoric  acid. 

To  diitinguiih  Huosiiicate  ■  of  cakitHit  from  Huosilieate  of  strontium. 
Dilute  a  few  drops  of  pure  concentrated  sulphuric  add  wiOi  an  equal 
amount  of  water,  and  apply  the  diluted  acid  to  the  crystallites  in  questioxh 
The  calcium  crystals,  after  a  few  seconds,  are  surrounded  by  cc^orless 
needles  of  monoctinic  gypsum,  while  those  of  strontium  are  slowly  dis- 
-Eojved,  preseming  a  few  short  orthorhomtnc  needles  of  celestite. 

To  dislinguuh  Stiosilicates  of  magneiivm,  iron  and  manganete.  This 
is  done  by  means  of  chlorine  gas,  which  is  developed  in  a  suitable  glass 
vessel  by  the  moistening  with  muriatic  acid,  of  a  small  quantity  of  finely 
powdered  manganese  dioxide  and  applying  to  the  bottom  of  the  vessel  a 
gentle  heat  over  a  spirit  lamp.  The  specimens  lo  be  examined  are  sup- 
ported in  the  center  of  the  glass  vessel  by  a  pcvcelain  frame  so  as  to 
be  enveloped  by  the  gas.  The  gentle  heating  should  continue  about  five 
minutes,  with  a  rapid  generation  of  chlorine  gas.  The  vessel  can  be 
covered  tightly  by  a  glass  plate  over  the  lower  side  of  which  has  been 
placed  a  layer  of  grease  or  wax  in  order  to  cement  it  to  the  rim  of  the 
vessel.  After  the  heating  the  vessel  should  stand  about  twenty-four  hours, 
and  the  heating  may  be  repeated  if  necessary. 

The  object-glass  carrying  the  specimens  acted  on  may  then  be  re- 
moved and  placed  in  a  drying  dish  for  desiccation,  when  the  characteristic 
crystalline  forms  wilt  appear.  They  should,  however,  be  immediately  en- 
closed in  Canada  balsam  and  protected  by  a  cover-glass. 

It  will  be  seen,  on  examining  the  slide,  which  may  have  carried  the 
fluosilicates  of  iron,  magnesia  and  manganese,  that  those  of  iron  have 
taken  an  intense  citron-yellow  color,  while  those  of  magnesium  and  man- 
ganese remain  almost  colorless.  Those  of  magnesium  show  a  faint  gray 
and  are  rounded  a  little  at  the  comers;  those  of  manganese  show  some 
tint  of  red  and  have  suffered  more  or  less  dissolution  into  little  prisms, 
tablets  and  grains. 

The  same  distinctions  between  the  fluosilicatet  of  iron,  magnesium  and 
manganese  may  be  effected  by  the  application  of  sulphide  of  ammonium 
gas,  without  the  application  of  heat  The  specimen  (or  the  object-glass 
carrying  the  crystallites)  may  be  enclosed  in  a  glass  vessel  and  covered 
therein  by  a  glass  cover,  or  simply  exposed  over  the  {^ening  of  a  flask 
filled  with  pare  sulphide  of  ammonitim.  In  either  case  the  fluosilicate  of 
iron  has  become  blackish-gray,  that  of  magnesium  grayish-white,  and  that 
of  manganese  a  peculiar  reddish-gray  and  sometimes  disintegrated  to  a 
granular  mass. 

To  diitmguuh  IHhta  mica,  lilhia-iron  mica  and  poiastiwn  miea.  It 
these  micas  be  treated  with  hydrofluosilicic  acid  the  first  mentioned  will 
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afford  tiny  six-sided  pyramids,  sometimes  distorted  t^  the  abnormal  de- 
velopment of  two  planes,  the  second  shows  the  same,  but  accompanied  by 
fluoiilicate  crystals  of  iron,  and  the  third  will  give  only  hexahedral  crys- 
tals characteristic  of  potassium. 

A  few  minerals,  such  as  barite,  celestite,  rutile,  corundum  and  quartz, 
are  not  at  all  affected  by  the  three  per  cent  solutiMi  of  faydrofloosilicic 
acid,  while  tourmaline,  spinel  in  thin  section,  sphalerite  and  pyrite  is 
fragments,  are  decomposed  by  it 

The  sesquioxides  of  aluminum  and  iron  and  of  some  other  suhetances 
are  entirely  converted  into  fluosilicates,  but  they  do  not  show  themselves 
in  crystal  fonns. 

Uu  of  hydroHuorie  acid  gas.  This  process  also  produces  fluosilicates 
in  the  form  of  minute  crystals  which  do  not  differ  essentially  from  those 
already  described.  A  small  quantity  of  the  gas  is  generated  in  a  small 
platinum  crucible  on  the  bottom  of  which  is  scattered  about  half  a  gram 
of  finely  powdered  fluoride  of  barium,  with  which  is  also  mixed  some 
powdered  barium  sulphate.  Chemically  pure  concentrated  sulphuric  acid 
is  then  poured  into  the  crucible  sufficient  to  cover  the  finoride  of  barium. 
The  assay  pieces  of  the  mineral  under  examination  are  to  be  supported 
on  a  perforated  platinum  plate  which  is  also  supported  on  a  platinum 
wire  frame,  rising  from  the  bottom  of  the  little  crucible.  The  gas  which 
is  liberated  from  barium  fluoride  by  the  attack  of  the  sulphuric  acid  is 
to  be  confined  in  the  crucible  by  a  platinum  cover  which  has  been  pre- 
viously covered  on  the  lower  side  by  a  film  of  wax.  In  order  to 
make  it  tight  upon  the  crucible  this  cover  is  slightly  heated  and  placed 
on  the  crucible  while  the  wax  is  soft.  It  should  be  retained  in  place  by 
a  small  weight,  and  the  whole  apparatus,  set  aside  for  about  24  hoars, 
may  be  covered  with  a  glass  tumbler. 

The  specimen  acted  'Upon  by  the  hydrofluoric  acid  gas  is  then  to  be 
placed  in  a  perfectly  clean  platinum  dish  and  the  dish  is  to  be  filled  with 
chemically  pure  water.  The  water  is  to  be  boiled  over  a  sfHrit  lamp  in 
order  to  dissolve  the  fluosilicates  that  may  have  been  formed,  the  residue 
of  the  specimen  removed  with  perfectly  clean  pincers,  and  the  water  slowly 
evaporated  to  a  drop  which  is  placed  upon  the  hard  balsam  surface  of  an 
object  glass  to  dry,  in  a  place  free  from  dust.  When  thoroughly  dry  the 
small  crystals  of  the  fluosilicates,  formed  in  the  process  of  desiccation, 
can  be  examined  with  the  microscope. 

The  specimen  which  was  boiled  in  water  may  be  further  examined. 
It  may  be  gently  immersed  in  a  drop  of  su^huric  add  and  covered  with 
a  thin  glass.  It  is  to  be  observed  whether  in  this  process,  or  even  when 
carefully  heated  over  a  ^irit  lamp,  any  gas  bubbles  appear.  If  ncme  ap- 
pear then  the  specimen  boiled  in  water  (if  a  feldspar)  contains  no  re- 
maining metallic  fluorides,  and  the  species  orthOclase  or  microcline  is  in- 

If.  however,  the  boiled  ^lecimen  effervesces,  even  slightly,  in  the  sul- 
phuric acid,  the  species  pertains  to  the  plagioclase  group,  the  rapidity  of 
the  evolution  of  gas  and  its  continuance  indicating  the  proportionate 
amount  of  lime  contained  in  the  original  specimen.  Instead  of  efferves- 
cence, however,  anorthite  shows  a  slow  but  strong  development  of  hrge 
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bubbles  of  sas.  The  greater  the  amount  of  soda  in  the  original  feldspar, 
the  more  energetic  the  effervescence. 

Behrens"  method.  The  processes  devised  by  Behrens  are  more  com- 
plicated and  require  delicate  manipulation.  The  opeiation  is  performed 
on  about  half  a  milligram  of  the  pulverized  substance.  To  this  is  applied 
two  or  three  centigrams  of  hydrofluoric  acid,  pure  and  fuming.  The  flu- 
orides thus  formed  are  dried,  and  then  rdissolved  in  dilute  sulphuric 
acid.  This  solution  is  evaporated  by  heating  until  the  appearance  of  white 
vapor  fumes  of  sulphuric  acid.  If  the  evaporation  is  not  continued  too 
far  the  acid  serves  to  retard  the  too  rapid  evaporation  of  the  drops  in 
which  the  different  ii^ctions  are  to  be  performed. 

To  the  sulphate  liquid  add  an  excess  of  water,  and  then  on  a  platinum 
fml  evaporate  until  the  volume  of  the  sulphate  solution  is  about  one  centi- 
gram for  each  milligram  of  substance  attacked. 

Calcium.  It  the  sulphate  contains  calcium,  on  placing  a  drop  of  the 
liquid  on  an  object-glass  and  allowing  it  to  dry  small  crystals  of  gypsum 
will  appear.  They  may  "be  twinned  or  single,  and  sometimes  in  rosettes,  as 
illustrated  by  figure  I  below.    They  measure  in  larger  dimension  about 


Pig.   1.   Sulphate  of  lime  (gypBum).  A/tor  LSvy 
and  LacrotB. 

0.6  mm^  and  can  be  examined  with  an  objective  that  magnifies  about  ij^o 

diameters. 

Potassium.  To  a  Irop  of  the  sulphate  liquid  add,  by  means  of  a  plati- 
num thread,  a  small  drop  of  platinum  chloride.  After  several  minutes, 
if  the  liquid  contains  potassium,  octahedrons  (dodecahedrons  or  cubes, 
less  frequent)  of  the  double  chloride  of  platinum  and  potassium  begin  to 
appear  about  the  periphery.  Alcohol  hastens  their  development.  ITiey 
are  bright  yellow,  isotropic,  and  very  characteristic,  sometimes  twinned  in 
threes  or  fours  (fig.  2),  and  have  strong  refraction. 
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SoJinm.  H  a  drc^  of  the  acid  sulphate  liquid  contain  sodium  it  can  be 
shown  by  adding  a  drop  of  sulphate  of  cerium.  The  latter  is  to  be  placed 
at  about  5  millimeters  from  the  drop  of  the  sulphate  liquid,  and  the  two 
are  to  be  brought  together  through  a  capillary  ^ass  tube  which  will  unite 
them.  In  the  cerium  sulphate  drop  will  spring  up  little  clusters  of  brown 
crystals  of  the  double  sulphate  of  cerium  and  sodium  visible  when  mag- 
allied  about  600  diameters.  If  the  original  liquid  contain  also  potas»um 
the  double  sulphate  of  that  alkali  forms  larger  grains,  from  0.05  to  ox)6 
mm.  in  diameter,  at  the  center  of  the  other  clusters.  These  are  Ktayish. 
If  the  liquid  contain  a  large  excess  of  sulphuric  acid  it  gives  rise  to  la^e 
radiating  rosettes  of  acid  sulphate  of  cerium  which  obscure  the  reaction 
sought. 

Barium  and  stronliHtn.  These  are  precipitated  with  the  calcium  by 
drying  the  liquid.  When  heated  with  concentrated  sulphuric  acid  they  arc 
dissolved.  Then  by  cooling  and  the  addition  of  water  they  recrystallize 
in  the  form  of  spindles  crossing  at  right  angles.  The  twins  of  sulphalK 
of  barium  have  dimension  of  0.05  to  0.012  mm.  Those  of  strontium  reach 
even  0-45  mm. 

The  inconvenience  of  this  process  is  that  the  sulphate  of  lime  ac- 
companies ihe  other  sulphates  during  all  the  manipulation.  It  is  pre- 
cipitated  more  slowly  than  they,  and  they  can  be  seen  to  appear  in  suc- 
cession thus :  sulphate  of  barium,  then  of  strontium,  and  iinalty  that  of 
calcium. 

Magtusium.  Place  a  drop  of  the  sulphate  liquid  near  a  drop  of  water 
containing  salt  of  phosphorus  and  unite  them  with  a  capillary  glass  thread. 
If  the  solution  contains  more  than  i  per  cent,  of  magnesium  there  are  de- 
veloped forms  forked  in  opposite  directions  of  the  size  of  0.6  mm.  in 
length.  If  the  liquid  is  more  dilute  it  gives  rise  to  beautiful  orthorhombic 
hemimorphic  crystals  which  resemble  the  roof  of  a  house. 

Iron  and  manganese  phosphates  give  the  same  crystals,  but  they  may 
be  separated  by  previous  addition  of  a 


Aluminum.  V: 
fully  expel  any  ex 
end  of  a  platinum 
is  only  necessary  I 
cxsium  alum  aris 

more  slowly. 
Behrens  gives 


im  alum.   Aftgr  LSrm 

;e  caesium  chloride.  From  the  sulphate  solution  care- 
cess  of  the  acid.  Into  a  drop  of  the  solution  place  the 
thread  previously  dipped  in  melted  oesium  chloride.  It 
o  touch  the  surface  of  the  drop  to  see  large  crystals  of 
e.  They  are  octahedrons  and  cubo-octahedrons  some- 
ize  (fig,  4).    Iron  can  be  disregarded  as  its  alum  fonn<^ 


o-chemical  reactions  for  the  deter- 
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minatioo  of  sulphur,  phosphorus,  chlorine,  fluorine,  silica,  and  boron.  For 
these  the  student  is  referred  to  Judd's  translation,  published  by  Macmillan 
in  1894-  But  Behrens'  latest  woilc  (Mikrochemische  Technik,  1900)  is 
available  only  in  the  original. 

Somt  Special  Tests. 

Optical  methods  of  determining  minerals  are  now  so  numerous  and 
exact  that  it  is  only  rarely  necessary  to  have  recourse  to  these  micro- 
chemical  methods.  But  in  certain  cases  the  latter  became  important  The 
following  win  serve  as  illustrations : 

Analcite  may  be  distinguished  from  opal  and  leucite  by  its  gelatiniza- 
tion  with  acids.  The  gelatinous  silica  thus  produced  is  not  readily  recog- 
nized microscopically,  but  it  may  be  rendered  very  distinct  by  staining. 
This  is  accomplished  by  gently  washing  off  the  attacking  acid  without 
disturbing  the  silica  formed,  then  applying  some  staining  liquid,  as  an 
aniline  color,  allowing  to  stand,  and  gently  washing  ofF  the  excess  stain- 
ing liquid. 

Calcite  may  be  distinguished  from  dolomite  and  magnesite  by  tests  re- 
vealing the  relative  amounts  of  calcium  and  magnesium  present  according 
to  the  methods  already  described,  and  also  by  noting  the  different  effects 
when  treated  by  acids.  Thus,  calcite  dissolves  in  acetic  acid  with  abun- 
dant evolution  of  carbon  dioxide,  while  dolomite  is  attacked  very  slowly, 
and  magnesite  not  at  all.  This  difference  may  be  increased  by  adding 
ammonium  phosphate  to  the  reagent  used.  Linck'  has  suggested  that  the 
proportion  of  phosphate  to  acetic  acid  to  water  be  2  : 3  :  lO.  In  this  case, 
if  the  carbonate  contains  as  much  as  10  or  15  per  cent,  of  MgCO^,  the 
magnesium  phosphate  precipitated  on  the  surface  will  soon  stop  the  attack 
by  the  acid  altogether,  Magnesite  is  not  attacked  even  by  cold  hydro- 
chloric acid.  Siderite  is  difficultly  distinguishable  from  calcite  by  optical 
methods.  It  is  acted  upon  slowly  I^  cold  acids;  rapidly  by  hot  hydro- 
chloric acid.  The  iron  may  be  made  manifest  by  adding  to  the  solutiMi 
potassium  ferricyanide  which  gives  a  deep  blue  color.  Or,  if  ammonium 
sulphide  be  added,  a  black  precipitate  is  produced.  T^e  process  may  be 
simplified  by  atttacking  the  carbonate  with  acid  already  containing  the 
precipitating  reagent 

Sodalite  may  be  distinguished  from  other  similar  minerals  by  attacking 
the  surface  with  very  dilute  nitric  acid  containing  a  little  silver  nitrate. 
Sodalite  is  readily  attacked,  yielding  gelatinous  silica  and  chlorine,  which 
produces  with  the  silver  a  cloudy  precipitate  of  silver  chloride  in  the 
silica.  Haijynite  may  be  distinguished  from  sodalite  by  attacking  the  min- 
eral with  hydrochloric  acid,  and  evaporating  to  dryness,  when  calcium 
sulphate  (gypsum)  crystals  will  form  in  the  gelatinous  silica.  Noselite 
may  be  distinguished  from  sodalite  by  attacking  the  mineral  with  hydro- 
fluoric acid  containing  a  little  barium  chloride ;  the  barium  sulphate  crys- 
tals formed  reveal  the  presence  of  sulphur  in  the  mineral  attacked.  ' 

Talc  may  be  distinguished  from  muscovite  by  igniting  the  mineral  with 
cobalt  nitrate  which  imparts  a  pink  color  to  the  talc. 

Graphite  (and  carbonaceous  matter^  may  be  distinguished  from  other 
opaque  black  minerals  by  beating  the  section  to  redness,  when  the  carbon 
will  go  off  as  the  oxide. 


*  InauK-  DisBert  StrvaBburg.  18S4. 
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EXPLANATION   OF   PLATES. 
PLATE  L 

Fig.  I.  Fluosilicate  of  potassium,  X  400;  e.  m.  n.  r.  produced  by  hjrdrO' 
fluoric  acid  gas ;  a.  t.  are  crystals  farmed  by  recrystallizatioa 
of  fluosilicate  of  ammonium. 

Fig.  2.  Fluosilicate  of  potassium,  X  400;  produced  by  hydrofluoric  acid 
gas :  from  amazonitc 

Fig.    3.    Fluosilicate  of  lithium,  Xaoo;  recrystallized  on  the  object-glass.   . 

Fig,  4.  Fluosilicate  of  sodium,  X  40o'.  produced  by  hydrofluoric  acid 
gas;  from  albite. 

Fig.     5.     Fluosilicate  of  calcium,  Xi50- 

Fig.    6.    Fluosilicate  of  calcium,  X  X30. 

Fig.    7.     Fluosilicatcs  of  sodium  and  of  calcium,  X  200. 

Fig.     8.     Fluosilicates  of  sodium  and  calcium,  X  20a 

Fig.  9.  Fluosilicate  of  strontium,  X  30O,  by  recrystalUzation  upon  an 
object-glass. 

Rg.  10.    Fluosilicate  of  magnesium,  X6«>;  from  chondrodite. 

Fig.  II.     Fluosilicate  of  magnesium,  X4P0'.   from  humite. 

Fig.  13.    Fluosilicate  of  magnesium,  X400;  from  magnesite. 

F^  13.     Rare  crystals,  probably  of  calcium,  X400;  from  corsite,  tankite. 

Fig.  14.  Fluosilicate  of  barium,  and  branching  forms  of  fluosilicate  of 
calcium,  X400;  brought  out  only  by  breathing  upon  them; 
treatment   with   hydrofluosilicic  acid;   from   wiCherjte. 

Fig.  15.  Fluosilicate  of  iron,  X400;  by  recrystallization  upon  the  object- 
glass. 

Fig.  16.  Fluosilicate  of  potassium,  X  400;  on  a  Chin  section  of  amazonite, 
preserving  the  lattice  structure  of  the  amazonite. 

Fig.  17.  Fluosilicate  of  sodium  and  a  few  spindle  forms  of  the  same 
of  calcium,  X400;  from  oligoclase. 

Fig.  18.  Fluosilicate  of  sodium  (in  bubbles)  and  of  calcium  (in  lenticu- 
lar  forms)    X400;   from   labradorite. 

Fig.  19.    Fluosilicates  of  sodium  and  calcium,  X400;  from  labradorite. 

Fig.  20.    Fluosilicates  of  sodium  and  calcium,  X400;  from  anorthite. 
PLATE  IL 

Fig.  I.  Fluosilicate  of  sodium,  X  400,  and  wedge-shaped  etchings,  on 
albite. 

Fig.  2.  Fluosilicates  of  potassium  and  sodium,  and  a  single  rod  of  cal- 
cium, X  400 ;  from  leucite. 

Fig.    3.    Fluosilicates  of  sodium  and  potassium,  X400;  from  elseolite. 

Fig.    4.    Fluosilicates  of  calcium  and  sodium.  X40o;  from  scapolite. 

Fig.     5-     Lett  half.     Fluosilicates  of  lithium,  potassium,  iron  and  calcium. 
X  400:  from  lithia  mica. 
Right  half.    Fluosilicates  of  potassium,  sodium,  and  iron,  X400: 
from  potassium  mica. 
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Fig.    6.    FIuosilicatM  of  potassium,  magnesium,  and  calcium,  X  400;  trom 

Fig.  7.  Fluosilicates  of  magnesium,  iron,  calcium,  and  sodium,  X4t>o> 
from  amphibole. 

Fig.  8.  Fluosilicates  of  calcium,  magnesium  and  iron,  X  400 ;  from 
dial  1  age. 

Fig.    9.    Fluosilicates  of  magnesium  and  iron,  X400;  from  bronzite. 

Fig.  10.    Fluosilicale  of  magnesium,  X4<>0;  from  dichroite, 
.  Fig.  II.    Fluosilicate  of  magnesium  and  iron,  X  40o;  from  olivine. 

Fig.  12.  Fluosilicates  of  magnesium  (X  30o)  and  iron  (X  600-800) ; 
from  olivine. 

Fig.  13.  Section  of  chiastcJite,  J.  e  X  aoo-400 ;  no  distittct  crystallites ; 
bars  and  spots  arranged  according  to  the  structure. 

Fig.  14.    Etchings  on  lithia  iron  mica,  after  boiling  in  water,  X  400. 

Fig.  15.  Chloride  of  aodium;  long,  wrinkled  etchings  and  two  cleavage 
clefts ;  from  elzolitb 

Fig.  16.  Fluosilicate  of  calcium  (after  boiling  in  water)  and  small  hexa- 
gonal crystals  of  apatite,  X600;  from  apatite,  cut  ||  base. 

Fig.  17.  Etchings  on  section  of  apatite,  cut  ||  prism  face,  boiled  in  aqua 
regia,  and  prominent  edges  of  pyramidal  crystals,  X  ^00. 

Fig.  18.  Section  of  apatite,  cut  ||  base,  treated  with  chlorine  gas.  X4001 
dark  'needles  probably  remnants  of  the  edges  of  the  upper- 
most stratum  of  subindividual  crystals,  with  long  adherent 
bubbles  of  air;  amongst  these  are  faint  outlines  of  the  in- 
dividual crystals  of  the  next  lower  stratum. 

Figs.  19  and  20.    Sections  of  apatite,  cut  ||  base  treated,  with  chlorine 

gas,   X400;   shows   the  internal   structure  of  apatite,   made 

up   of   subindividual   crystals   of  apatite   mainly   parallel  to 

the  axis. 

Of  the  foregoing  the  following  were  treated  with  hydrofluoric  acid  gas : 

Plate    I.    Figs.  1,  2,  3,  4.  5.  6.  7,  8,  9.  15,  and  plate  II,  fig.  14. 
The  following  were  tieated  with  hydrofluosilicic  acid: 

Plate     I.    Figs.  11,  12,  13,  14,  16,  17.  18,  19,  ao,  and  plate  11,  figs,  i,  * 
3,  4.  5,  6p  7.  8.  9.  10,  11,  12,  13.  16. 
The  following  was  treated  vrith  both  hydrofluoric  acid  gas  and  hydro- 
fluosilicic acid : 

Plate     I.    Fig.  10. 

The  following  were  treated  with  chlorine  gas: 

Plate  II.    Figs.  15,  18,  19,  ao. 

And  one  was  treated  with  aqua  regia,  viz.,  ptate  II,  fig.  17. 
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ADDENDA, 

Intebfebehce  op  siufle  waves.  If  two  waves  are  travdling  along  the 
same  path  and  vibrating  in  the  same  plane  with  a  fixed  phase  relatiou  they 
combine  (or  "interfere")  to  form  a  wave  whose  character  depends  upon 
the  wave  lengths,  the  amplitudes,  and  the  phases  of  the  original  waves. 
The  resultant  wave  is  readily  constructed  for  any  simple  case. 

If  the  two  waves  have  the  same  wave  length  and  the  same  phase  with 
differing  amplitudes  the  resultant  wave  will  have  an  amplitude  equal  to 
the  sum  of  the  an^litudes  of  the  component  waves,  as  in  fig.  i.  (See  page 
489). 

If  the  two  waves  have  the  same  wave  length  and  same  amplitude  and 
differ  in  phase  by  half  a  wave  length  the  resultant  wave  will  disappear 
since  its  amplitude  will  be  the  difference  of  the  amplitudes  of  the  com- 
ponent waves,  or  zero,  as  in  fig.  2. 

If  the  two  waves  have  the  same  amplitude  and  different  wave  lengths 
the  difference  of  phase  will  vary  alof^  the  path,  and  the  resultant  wave 
may  be  illustrated  by  fig.  3.  This  explains  the  indistinctness  of  inter- 
ference colors  of  the  higher  orders. 

If  the  two  waves  have  the  same  wave  length,  unequal  amplitudes,  and 
a  phase  difference  of  one-half  wave  length,  the  resultant  wave  will  have 
an  amplitude  equal  to  the  difference  (or  algebraic  sum)  of  the  amplitudes 
of  the  component  waves,  as  in  fig.  4. 

If  the  two  waves  have  the  same  wave  length  and  the  same  amplitudes 
with  a  phase  difference  of  one  eighth  or  one  quarter  of  a  wave  length, 
the  resultant  wave  will  have  an  amplitude  equal  to  the  algebraic  stun  ol 
the  amplitudes  of  the  compotient  waves,  as  in  figs.  5  and  6. 

Put  in  still  more  general  form,  the  wave  resulting  from  the  combina- 
tion (or  "interference")  of  any  two  waves  may  be  found  by  drawing  each 
with  its  proper  wave  length,  amplitude,  and  phase,  and  constructing  the 
resultant  wave  from  the  points  determined  by  taking  the  algebraic  sum  of 
the  corresponding  ordinates  of  the  component  waves  at  different  points 
along  the  path,  as  in  fig.  7.  The  Construction  and  form  of  the  resultant 
wave  become  more  complicated  with  more  than  two  component  waves. 
Hence  the  wave  of  white  light  is  extremely  complicated,  since  it  is  com- 
posed of  waves  of  a  great  variety  of  wave  lengths.  This  complex  form 
of  wave  is  present  in  all  our  ordinory  light,  including  that  derived  from 
the  siUL 

Sign  dp  elongation.  The  sign  of  elongation  of  a  uniaxial  mineral  is 
usually  the  same  as  the  sign  of  the  mineral,  (since  it  is  usually  elongated 
parallel  with  the  vertical  axis.).  But  in  some  rare  cases  (for  exaroplev 
basal  plates  of  hematite  and  of  apophyllite)  the  elongation  is  in  all  direc- 
tions normal  to  the  vertical  axis,  in  which  case  the  sign  of  the  elongation 
is  the  reverse  of  the  sign  of  the  mineral.  In  general,  in  uniaxial  crys- 
tals the  sign  of  the  elongation  depends  upon  which  axis  of  ether  vibra- 
tion is  parallel  with  the  direction  of  elongation,  being  positive  when  Z  is 
parallel  with  the  elongation  and  negative  when  X  is  parallel  thereto. 

The  sign  of  elongation  of  biaxial  minerals  may  be  +,  ^,  or  — ,  de- 
pending upon  whether  Z.  or  Y,  or  X  is  nearest  to  the  axis  of  elongation. 
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The  sign  of  elongation  is  positive  when  Z  is  nearest  to  (or  coinages 
with)  the  axis  of  elongation.  When  a  mineral  is  elongated  parallel  to 
Y  thv  sign  of  the  elongation  is  positive  in  some  sections  and  negative 
in  others.  If  an  orthorhombic  section  be  elongated  parallel  to  Y  and  to  c 
A  macropinacoidal  section  may  be  normal  to  Z,  and,  if  so,  the  elongation 
is  positive.  A  brachypinacoidal  section  of  the  same  mineral  would  be 
normal  to  X  and  have  negative  elongation.  This  variation  of  sign  is  due 
to  the  fact  that  the  ray  vibrating  parallel  to  Y  travels  faster  than  the  Z 
ray,  but  more  slowly  than  the  X  ray. 

Further,  in  monoclinic  and  triclinic  crystals  in  which  the  direction  of 
elongation  is  usually  not  parallel  to  any  one  of  the  axes  of  ether  vibration, 
the  sign  of  the  elongation  is  determined  by  that  axis  of  ether  vibration 
which  is  nearest  the  axis  of  elongation.  Thus,  all  pyroxenes  have  posi- 
tive elongation  when  the  angle  between  2  and  c  is  less  than  45'.  (See 
fig.  167,  page  324.) 

In  the  case  of  minerals  which  exhibit  flattening  (or  elongation  parallel 
to  a  plane)  all  sections  except  those  parallel  to  the  plane  of  flattening  will 
exhibit  an  apparent  elongation  whose  direction  will  be  variable,  depending 
Upon  the  direction  in  which  the  section  is  cut  In  this  case  the  sign  of 
elongation  is  determined  by  the  relation  in  position  between  the  axes  of 
ether  vibration  and  the  normal  to  the  plane  of  flattening.  The  sign  of 
elongation  is  positive  when  X  is  nearest  the  normal  to  the  plane  of  flatten- 
ingi  ±  when  Y  is  so  situated,  and  negative  when  Z  is  nearest.  Thus,  all 
micas  have  positive  elongation,  since  X  is  nearly  normal  to  the  basal 
flattening  in  all  species. 

Action  of  quartz  k'edge.  The  accompanying  diagram  (page  491)  illus- 
trates clearly  the  action  of  the  quartz  wedge  in  increasing  the  relative 
retardation  of  one  ray  as  compared  with  the  other,  when  inserted  so  that 
its  axes  of  ether  vibration  are  respectively  parallel  to  the  similar  axes  of 
ether  vibration  of  a  mineral  section,  and  its  action  in  decreasing  the  rela- 
tive retardation  when  ir.serted  so  that  its  axes  of  ether  vibration  are 
respectively  parallel  to  dissimilar  axes  of  the  mineral  section.  The  mica 
plate  and  sensitive  tint  plate  act  in  a  similar  way,  'but  do  not  have  an 
increasing  effect  due  to  varying  thickness,  as  is  obtained  on  inserting  the 
quartz  wedge,  thin  edge,  first. 

Plate  III  is  a  reproduction  of  Michel  Levy's  Table  of  Birefringences 
in  which  rock  forming  minerals  are  arranged  on  the  basis  of  their  max- 
imum interference  colors,  without  regard  to  any  other  characters. 

In  plate  IV  all  minerals  microscopically  identifiable  are  platted  on  the 
basis  of  refringence  and  birefringence.  This  diagram  was  suggested  bj 
the  one  prepared  by  W,  O.  Hotchkiss',  which  is  limited  to  rock  forming 
minerals,  and  in  which  such  minerals  are  platted  on  the  basis  of  refrin- 
gence alone.  Plate  IV  was  drawn  under  our  direction  by  Mr.  W.  G  Weber. 
The  chief  purpose  of  these  plates  is  to  aid  in  the  identification  of  minerals- 

>  Jow.  Qeol.  XVI.  1908.  p.  421. 
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ERRATA. 

Page  7,  line  7.    Add  "for  small  angles." 

Page  46,  line  5  from  bottom.    Read;  "extraordinary,"  ioatead  of  "exlror- 

Page  48,  line  13.  Read :  "F  Q,"  instead  of  "C  Q." 
Page  48,  Jine  22.  Read  "G  Q,"  instead  of  "F  Q." 
Page  55,  figure  58b.     The  £  ray  should  be  shown  refracted  to  the   other 

side  of  the  O  ray  for  a  positive  mineral,  as  cassiterite. 
Page  61,  line  8  from  bottom.    The  equation  should  read : 

,        1 128-575 
d  = 2i-2-  =  1.524- 

Page  6s,  line  6.    Read:  "tardation  in,"  instead  of  "fraction  of." 

Page  79,  line  18,     Read:  "to  an  acute  bisectrix,"  instead  of  "to  a  bisectrix." 

Page  84,  line  15-    Read :  "Z  or  X,"  instead  of  "Z  or  Y." 

Page  179,  after  line  12,  the  following  paragraph  was  omitted ; 

Lepidocrocite  has  about  the  same  corjposition  as  gcethite;  it  ha) 
perfect  cleavage  1|  010,  imperfect  ||  001  and  100.  The  optic  plane 
is  parallel  to  100;  the  acute  bisectrix  X  is  normal  to  010;  the  optic 
angle  is  large,  without  abnormal  dispersion.  Absorption  Z  >  V  >  X, 
and  Z  brownish  yellow,  Y  orange  yellow,  X  clear  yellow,  in  sections 
a  little  too  thick.  Usually  associated  with  limonite. 
Page  423,  line  2.  Read:  "Subtranslucent."  instead  of  "Subtarnslucent." 
Page  458,  line  21.    Read'  "StauroUte,"  instead  of  "Straurolite." 
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Where  there  are  several  page  references  black  faced  numerals. 

are  used  to  desigoate  the  chief  description. 


Abnormal    orthoclftse,    197,   313, 

Absorption  formula,  17 
Acmite,  335,  336,  464 
Actinolite,  107,  109,  455 
Action  of  quartz  wedge,  490 
Adamite,  302 
Adelite,  390,  457 
jEgirinaugite,  334,  335,  460 
^girine,  336 
.^nigmatite,  107,  117,  458 
.(Erinite,  151,  IS5.  45o,  451 
Akermanite,  283,  384 
Albite,  189,  212.  aaS,  450 
Albile   twinning,  98,   193 

Aicohnl,  index  of,  S 
Allactite,  238,  463 

Allanite,  181,  186,  458,  459,  4^ 

Almandite  244,  346.  428 

Alunite.  103.  433 

Amarantite,  164,  447 

Amazon  stone,  217 

Amblygonite,  103,  452,  455 

Amorphoua   minerals,  424 

Amphibole  ^roup,  104 
monoclinic,   108,  117 

extinction  angles  tn,  105 
orthorhombic,   107,   108 
triclinic,   117 

Amplitude  of  vibration,  2 

Analcite,  397,  403,  425,  430,  448, 
481 

Analytical  tables,  415-464 

Analyzer,  16,  41 

Anapaite,    118 

Anatase,  301 

Andalusite,  118,  454 

Andesine,  189,  212,  331,  4S0 

Andradite,   244.   428 

Angle  of  extinction,  88 

AnjfJe  of  incidence,  4 

Angle  o^  optic  axes,  71 

Angle  of  refraction,  4 

Anglesite,   131,   I33.  4^3 

Anhydrite,   131,   I33.  453,  456 

Anisotropic  minerals,  43(>-464 

Anisotropic  substances,  13,  25 


Annabergiie,  388,  457 
Anoraite,  286,  294 
Anorthite,  189,  313,  336,  453 
Anorthoclase,  189,  212,  ai»,  451 
Antbophyllite,  106,  107,  455 
Anti^orite,  357,  450 
Apatite,  130,  435>  436.  485 
Apatite  group,   I19 
Aphthitalite,    122,  430 
Apophyllite,  122,  432 
Aragonite,  134,  453,  457,  461 
Aragonite   group,   123 
Ardennite,   126,  463 
Arfvedsonite,  107,  114,  460 
Argentlte,  340,  420,  473 
Arsenolite,  127,  427 
Arsenopyrite,  38  r,  421 
.  Asbestus,  log 
Astrolite,   127,  452 
Astrophyllite,    127,  461 
Atacamite,   128,  463 
Augelite,   391,   451 
Augite,  32s,  33a,  459 
Autunite,  lag,  452 
Axes,  crystal!o(traphic,  18 
Axes  of  ether  vibration,  53 
Axial  angiles,  34 

triclinic.  36 
Axial  dispersion,  8t 
Axial  goniometer,  73 
Axial   planes,    t8 
Axial  ratio,  20 

hexagonal,  30' 

monoclinic,  34 

orthorhombic,  33 

tetragonal,  28 

triclinic,  36 
Axinile,  129,  4S8 
Axis,  optic,  45,  46   70 

dispersion  of,  81 
Azurite,  130,  464 


laddeleyite.    134,  ,,, 
Balance,  Westplial,  39 
Barite.   131,  434 
Bante  group,   131 
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Barkevikite,  107,  112 
IJarylite,   134,  4S8 
Barytocalcite,  134,  454,  457.  461 
Basaltic    hornblende,    107,    113, 

Basaltic  augite,  335 

Basic   labradorite,   212,   227,   233 
Bastite,  107,  327,  328,  358 
Bauxite,  177 
Bavenite,  403 
Baveno  twinning,  97,  192 
Beccarite,  348,  463 
Becke  method,  7,   10,  198 
Beck  elite,  134,  420,  428 
Behrens'   method,   479 
Benitoite,  135,  443 
Bcrthicrine,  251 
Bertrand  lens,  64 
Bertrand  ocular,  50 
Bertrand  refractometer,  7 
Bertrandite,  135,  452,  455 
Beryl,  13s,  436 
Beryllonite,  136,  450 
Biaxial  interference  figures,  72 
bisectrix,  72,  85 
optic  axis,  72,  84 
optic  normal,  87 
partial,  84 
Biaxial  minerals,  41,  70-92,  446- 
464 

optic  axes  of,  70 
sign  of,  71,  76,  8r 
Biotite,  286,  agi,  434,  437,  438, 

452,  453,  456,  457 
Birefringence,    13,    15 
measurement  of,  60 
scale  of,  416 
Uble  of,  63 
Bisectrices,  71 

distinction  between,  76 
interference    figure    of,   72 
si^  of,  76 
Blodite,  27g,  447 
Blue   plate,   78 
Bobierrite.   389,  453 
Boleitc,  313,   442 
Boothite,  ^2,  449 
Boracite,  137,  454,  458 
Borax,   137,  449 
Eoricky  methods,  476 
Bomite,  138,  421 
Botryogen,  138,  452 
Eournonite,  473 
Boussinjjaultite,  317,  447 
Bowlingite,  357,  359,  452 
Brochantite,  139,  446 
Brachydiagonal    axis,  32,  36 
Brachydome,  33 
Braehypinacoid,  33 
Brachyprism.  33 
Brachypyramid,  33 


Brandisite,   162 
Bravaisite,   139,   452 
Brittle  micas,   161 
BreithaupCite,  158,  160,  431 
Breunnerite,  145 
Brewsterite,  397,  399.  448 
Bromlite,  134,  453,  4S6,  461 
Bromyrite,  253,  4SB 
Bronzite,  325,  326 
Brookite,  140,  464 
Brucite,  141.  433 
Brushite,   315,   45' 
Bytownite,  202,  212,  235,  450 

Cabrerite,   123,  i»s,  437 

Cadmium  borotungstate,  38 

Calamine,  141,  455 

Calcite,  143.  432,  435.  438,  481 

Calcite  group,  142 

Calcite  interference  figure  plate. 

4Q 
Caledonite,  146,  462 
Calomel,  147,  444 
Canada  balsam,  index  of,  5 
Cancrinite,  298.  299,  431,   434 
Carborundum,    29s 
Carlsbad  twintiing.  96,  191 
Carnaliitc,   147.   449 
Carpholite,  147,  455 
Carphosiderite,  165,  433 
Cassiterite,  346,  349,  444 
Catapleiite,  148,  450 
Cat's  eye,  342 
Cavolinite,  300 
Celadonite,  249 
Celestite,  131,  13s,  454 
Celsian,  189,  212,  213,  457 
Cerargj-nite,  253,  427 
Cerussite,  123.  125,  464 
Cervantite,  386 
Chabazite,  397,  404,  430,  448 
Chalcanthite,   149,  452 
Chalcedonjie,  343 
Chalcedony,   343 
Chakocite,   149,  420,  473 
Chalcophyllite,  385,  435.  438 
Chalcopyrite,   150,  422,  468,  473- 
Chamosite,  251,  451 
Chaulnes  method,  6 
Chiastolite,   118 
Childrenite,   150,  446 
Chloanthite,  321,  421 
Chlorapatite,  120 
Chlorastrolite,  410 
Chlorite  group,  150,  450 
Chloritoid  group.  156,  4|58,  49 
Chlormanganokalite,   147,  435 
Chloromelanite,  338 
Chloropal,  157.  452 
Chlorophyllite.  167 
Chondrodite,  259,  309.  45^ 
Christianite,  401 
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Chrome  diopside,  332 
Chromite,  367,  369,  422,  428,  473 
Chrotnocre,  289 
Chrysoberyl,  157,  458,  462 
Chrysocolla,  128 
Chrysolite,  303,  305,  460 
Chrysotile,   357.  35».  45' 
Cinnabar,    158,   444 
Cinnabar  group,   158 
Classification  of  minerals.  418 
Claudetite,  386,  462 
Cleavage,  37,  94 
Clinochlore,   151,  153,  451,  454 
Clinoclasite,  161,  447 
Clinodiagonal  axis,  34 
Clinohedritc,  142,  447 
Clinohumite,  259,  a6i,  456,  460 
Clinopinacoid,  34 
Clinoprism,  35 
Clinozoisite,  184,  458 
CI  in  ton!  te  group,  161 
Cobaltite,  321-  421 
Colemanite,  164,  456 
Color  of  light.  2 
Color,  interference,  46 

highest,  57 

intensity  of,  47 

kind  of,  47 

lowest,  56 

order  of,  59 
Color  scale,  55 
Cclumbite.  37«.  423.  473 
Common  hornbleode.  107,     iii, 

454 
Comparator  of  Michel  Levy.  60 
Compensation  point,  60 
Conipo=^ition  face.  96 
Condenser,  42 
Contact  twins,  96 
Convergent  light.  42 
Copiapite,  164.  447 
Copper,  250,  421 
Coquimbite.  165.  432 
Cordierite,  165.  450,  451 
Com  ndophi  lite,  151,  155,  451 
Corundum    168,   441 
Cossyrite,  117 
Covdiite.   158    159,  422 
Crichtonite,  205 
Crocidolite,  107,  116,  459 
Crocoite,  169,  464 
Crnnsledtite.  251 
Cross  hairs.  44  ' 

Crossite,  117 
Cryolite,  160,  448 
Cryolithionite.  170,  425 
Cryophyllite.  290 
Crystal  form,  20 
Crystal  lographic  axes.   18 
Crystallographic  indices,  20 
Crystal  lographic  systems,  25 
Cnbe,  26 
Cubic   system,   25 
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Cumengiite,  313,  445 
Cummingtonile,    107,    110,   455 
Cuprite.  170,  429 
Cuspidine,  170,  446 
Cyanite,  171,  459 
Cyanochroite,  317,  447 
Cyanotrichite,    172.  446 
Cymophane,   157 

Damourite.   288 

Danalite,  256 

Danburite,   172,  454 

Dannemorite,   110 

Datolite,   173,  45^ 

Datolite  group,   173 

Davyne,  300,  430,  432 

Dawsonite,   176.  446 

Delessite,  151.  155.  451,  454 

Descloizite.  303.  463 

Description  of  minerals,   102 

Determination    of    order    of    in- 
terference color,   59 

Determination  of  position  of  ex- 
tinction, 49,  50 

Determination    of   refractive   in- 
dex, 6 

Determination     of    relative     re- 
fringe  nee,   10 

Determination  of  sign  (biaxial). 
76-80 
in   sections  parallel  to  optic 


plar 


;.  77 


lormal  t 


Determination 
ial).  64-69 
in  basal 
in  vertical  sections,  65-67,  69 

Determination  of  specific   grav- 
ity, 30 

Determination    of   thickness    of 


Dewalqi 


.  61 


126 


Deweylite,  357,  361,  451 
Diallage,  329,  332,  33s 
Diamond,   176,  427 
Diaspore,   177.  461 
Dia spore  group,  177 
Dichroism,  17 
Dihydrite,  319 
Diopside,  325,  3^9,  460 
Dioptase.  180,  440 
Dfpyrc,  352,  353.  433 
Direction  of  extinction,  49 
Dispersion    in   monoclinic   ci 
tals,  89 

crossed,   91 

horizontal.  90 

inclined,  89 

symmetry  of.  92 
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Dispersion      in       orthorhombic 

crystals,  81 

symmetry  of,  93 
Dispersion  in   triclinic  crystals, 
92 

symmetry  of,  92 
Dislhene,  171 
Distinction  between  bisectrices, 

76 
Dislinclion   between   X   and    Z, 

76 
Dodecahedron,  26 
Dolomite   142,  144,  432,  41^;,  438, 

440,  481 
Domes,  21 
Double  refraction,  13,  15 

measurement  of,  60 

table  of,  63 
Dudleyite,  281 
Dumortierite,    180,   459 
Durangite,  104,  446 
Dysanalite,  322,  420 

Edenite,  107,  112 
Edingtonite,  397,  406,  451 

Eh  lite,  319 

Elongation,   92 
sign  of,  488 

Elpidite,   181,  451 

Emerald,    136 

Embayments,   342 

Em  bo  lite,  2^3 

Enstatitaugite  series,  332 

Enstatite,  325,  336,  454,  4S8 

Eosphorite,  15a  446 

Epididymite,  1^,  450 

Epidote,  184,  459,  460,  461 

Fpidote  group,  181 

Epsilon  (0,  14 

Epsomite,    186,   449 

Epistilbite,  307,  399.  449 

Erubeseite,   138 

Erythrite,  3S8,  457,  461 

Erythrosiderite,    147 

Ether,  1 

vibration  of,  2 

Ether  vibration,  axes  of,  53 
in  monoclinic  crystals,  8S 
in  orthorhombic  crystals,  70 
in   triclinic  crystals,  92 
in  uniaxial  crystals,  53 

Euchroiie,  187,  437 

Euclase,  173,  175.  455,  459 

Eucolite,  iSS.  435.  436 

Eucryptite,  20B,  299 

Eudialyte,   188.  435,  436 

Eudidymite,  iR8,  450 

Extinction  angle,  88,  89 
sign  of,  196 

Extinction  position,  47 
determination    of,  49 

■Extraordinary   ray,    13,   46 


Fassaite,  304,  334 
Fayalite.  303,  309,  463 
Feldspar  ^roup,  189 

alterations,  202 

birefringence,  198 

classification,  212,   227 

crystal  form,  189 

diagnostics,  206,  222 

dispersion,  202 

extinction    angles,    212,  222, 
225 

sign  of,  196' 

occurrence.  206 

optic  angle,  202 

optic  properties,  196,  220 

pla^oclase  subgroup,  219 

refringence.   198 

sign.   202 

statistical  method,  307 

stereographic        projections, 
197,  227 

twinning,   igi 
Ferriferous  augite.  334,  335 
Ferriferous  hornblende,   107,  I12 
Ferrinatrite.  337,  434.  438 
Fibrolite,  363 
Fischerile.  237,  450 
Flattening,  92,  490 
Flinkite,   237,   446 
Fluellite,  238,  447 
Fluorapatite,   120 
Fluorite,  239.  4^5 
Form,  crystal,  20 

fundamental,  23 
Forsterite,  303.  305,  4S6,  460 
Fouqueile,  181,  183,  4S8,  459 
Fianklinite,  367.  370.  420.   473 
Priedelite,  340,  437.  44° 
Fuchsite.  289 
Fuess  microscope,  43 

Gadolinite,  173.  i75.  462,  463 
Gahnite,  367,  368,  429 
Galena,  240,  420,  475 
Ganophylltte,  241,  4^ 
Garnet  group,  241 
Garnierite,  361,  424,  450,  454 
Gaylussite,  247,  449 
Gedrite,   106,   108,  455 
Gehlenite,  283,  4,36 
Geikielite,  265,  aW,  44S 
General  classification.  418 
Genthite,  357,  3^1 
Gerhardtite.  2^,  446 
Gibbsite.  263 
Gieseckite,  299 
Gigantolite,  167 
Gismondite,  397.  40a.  45' 
Glass,  index  of,  424 
Glauberite,  348,  453,  456 
Glaucochroite,   3o3i   3f>4t  46t 
Glaucodot,  473 
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Giauconite,  348,  4S5.  468 
Glaucophane,  107,  116,  45S 
Gmelinite,  jg?,  404,  430i  448 
Goethite,  177,  178.  464 
Gold,  249,  422 
Goslariie,   187,  449 
Grandidierite,  250.  4S6 
Graphite,  a^i,  4W>.  473.  482 
Greatest  axis  of  ether  vibration, 

53 
Greenahte,  351,  423,  424 
Greenockile,   158,  159,  441 
Grinding,  469 

Grossularite.  244,  345,  426,  427 
Grouping,  96 
Griinerite,  107,  111,  461 
Gypsum,  252,  450 

Haidingcrite,  31 5,  457 
Haiti  it  e,  340,  458 
Halite,  253,  426 
Hambergite,  as3,  453.  457 
Hanltsite.  254,  431 
Hardysionite,  254,  436.  439 
Harmotome,  397,  401.  44° 
Harstigite.  254,  4S8 
Hatchettolitc,  322,  428 
Hautefruillite.  389.  453 
Haiiynite,  364,  365.  425,  481 
Hcbronite,  104 

Hedcnbergite,  325,  329,  4S8>  4Sy 
Heintzite,  255,  446 
Hellandite,  255,  462 
Helvite.   255,   426 
Hemafibrite,  256,  446 
Hematite,  256,  422,  443,  473,  474 
Hematolite,   338,  439.   457 
Hercynilc,  367,  368,  423,  427 
Herdcrite,   257,   456 
HerretiKriindite,   139,  447 
Heulandite,   397.  398.  448 
Hexagonal   system,  29 

and  polarized  light,  45 
Hiddenite,  336 
Hillebrardite,  411 
Hiortdahlite,  325,  340,  459 
Homilite,  173.  '74.  41=9 
Hopeite,  357,  450,  452 
Hornblende,   107,   iii,  454,  455, 

460,  461 
Hortonolite,  303,  307,  310,  46.1 
Huhncrite,  258,  446 
Humite,  x6o,  456 
Humite  group,  259 
Htireaulite,  262,  446 
Hussakite,  393 
Hutchinsonite,  363,  464 
Hyalophane,  189,  212,  213,  451 
Hyalosiderite,  305 
Hydrargillite,  263,  452 
Hydro magnesite,  264,  451 
Hydromica,   288 


Hydronephelite,  397,  *io,  43' 
Hydrotalcite,  264,  43i 
Hypersthene,  325,  327.  459 

lee,  26s,  430 
Iddingsite,  360 
I  doc  rase,  386 
llmenite,  266,  420,  473 
Ilmenite  group,  265 
Ilvaite,  267,   4G2 
Inclined  illumination,  11 
Index  of  refraction,  4 

determination  of,  6 
Indices,   Miller,   20 
Intensity  of  color,  47,  49 
Intensity  of  liRht,  2 
Interference  color,  46,  48,  55 

factors  determining,  57 

highest,  57 

intensity  of,  47.  49 

kind  of,  47,  49 

lowest,  SS 

order  of,  59 

relative,  71 
Interference  figure,  50.  72 

Biaxial,   72 

bisectrix,  72,  85 
Optic  axis,  72.  84 
optic  normal,  87 
partial,  84 
symmetry  of,  92 

Uniaxial,  50 

basal  sections,  50 
partial,  82 
vertical  sections,  64 
Interference  of  light,  48 
Interference    of    simple    waves 

488 
lodembolitc,  253 
Iodide,  methylene,  5.  38 

potassium  mercuric,  38 
lodyrite,  268,  444 
lolite.  165 
Iron,  268,  420 
Irvingite,  2190 

Isometric   minerals,   425-429 
Isometric  system,  25 

and  polarized  light,  44 
Tsorthoclase,  216 
Isotrooic  minerals,  424-429 
Isotropic  substances,  12,  25,  45 

Jacksonite,  410 
Tacobsite.  3"^-  37i 
Jade,  109 

Jadeite,  325,  337.  45*.  4™ 
Jeffersonite,  33  > 
Johnstrupite,  296 

Kainite,  268,  449 
Kalinite,  269,  425 
Kaliophilite,  29S,  299 
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Kaolitiite,  26g.  451 
Kaloforite,   107,    114 
Keilhauite,  379 

Kelyphite,   246 
Kieserite.  270,  447 
Kind   of   interference   color,  47 
Knebeiite,  310 
Kohlrausch    apparatus,   9 
Konigsberger,  465'4?S 
Koppite,   322,  428 
Kornerupine,   270,   4Cg 
KrohnVite,  271,  457 
Kryptotile.  250 
Ktypeite,  124,  455 
Kuniite,  336 

Labradorite,  189,  312,  33a,  45° 
Lacroix  axial  goniometer,  73 
Lamprophyllite,  128 
Lanarkite,  274,  447 
Langbeinitc,  271,  426 
Langite,   139.  446 
Lanthatiite,  272,  446 
Laumontite,  397.  403,  449,  45' 
Laurionite,  272,  464 
LSvenite,  373,  460,  463 
Lawsonite,  273.  459 
Lazulite,  273,  456 
Lazurite,  364,  366,  425 
LeadhiHite,  274,  464 
Least  axis  of  ether  vibration,  53 
Leiss  microscope,  44 
Lens,  Bertrand,  64 
Lens,  convergent,  42 
Lepidocrocite.  446.  492 
Lepidolite,  286,  389,  453.  4S6 
Leptochorite,    151 
Lettsomite,   172 
Leuchtenbergtte,  354 
Leucite,  375,  425,  43o,  44^,  481 
Leucophane,  276,  452 
Leucosphenite,  377,  456,  461 
Leucoxene,  266,  379 
Leverrierite,  289,  452 
Libethenile,  3«>3p  4S7 
Liebenerite,   299 
Light,    I 

propagation   of.   2 

reflection   of.   3 

refraction  of,  3 
Light  ray,  3 
Limonite,   277,  4^3 
Linartte,  278,  464 
Lintonitc,  409,  448 
Liroconite,  378,  447 
Lithiophilite,  3iS4,  458 
Lorenzenite,   379,   400.   4^3 
Loweite,  279,  430 
Ludlamite,  279.  446 
Lutecite,  343 


Macrodiagonal  ; 


.  32,  3 


Macrodome,  33 

Macropinacoid,   33 

Macroprism,  .13 

Macropyramid,  33 

Magnesioferrite,  367,  371,  420. 
474 

Magnesite.  143,  432,  435,  43*, 
440,  481 

Magnesiumdiopside,  331 

Magnetite,  367,  369,  420 

Malachite,  280,  464 

Malacolite,   332 

Malacon,  348,  424 

Manebach  twinning,  98,  193 

Manganite,  177,  179,  446,  473 

Manganopectolite,  312 

Marcasite.  280,  421.  468,  474 

Mart;arite,  281,  454 

Marialite,  352,  354.  433 

Marshite,  282.  427 

Mean  axis  of  ether  vibration.  70 

Measurement  of  double  refrac- 
tion. 60 

Measurement  of  optic  angle,  74 
of    thickness    of 


Meerschautn.  356 
Meionite,  352.  434 
Melanite.  244.  473 
Melanterite,  282,  449 
Melilite.  283,  436 
Melilite  group.  283 
Meliphanite.  284,  437 
Mellite,  385,  431,  434 
Menaccanite,   266 
Mesolitc,  307,  408,  448 
Methylene  iodide,  S,  38 
Mica  group,  285 
Mica   plate,   67,   68,   78,   79 
Michel   Levy  comparator,  60 
Microchemical    methods,   476 
Microcline,      i8g.   212,   316,   448. 


-anorthoclase, 


213. 


451 
Microclin 

218 

Microlite,  322 
Microscope,  41 

passage  of  light  through,  47 
Micro  sommite,  298,  300,  43^ 
Miersite,    282,   427 

Millerite,  158,'ieo,  422 
Mimetite,  T20,  las,  442,  463 
Mirabilite,  20^  aa7 
Mispickel,  . 


Moi 


,  294 


Molybdite.  205,   446 
Molybdophyllite,  295,  443 
Molydenite,  395,  420,  473 
Monaiite.  296,  463 
Monoclinic   system,  34 
and  polarized  light,  87 
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axes  of  ether  vibration  in.  88 

dispersion  in,  89 
Montebrazite,  104 
Monlicellite,  303,  ^>4,  454 
Mordenite,  397,  448 
Morenosite,  187,  44Q 
Mosandrite,  296,  454 
Muscovite,    286,    a87,    452,    453, 

4S6,  457.  482 

Nachet  microscope,  41 
Narsarsukite,  297,  433 
Natrochalcite,  398,  457.  461     . 
Natrolite.  397.  406,  448 
Natrophilite,  384 
Nature  of  double  refraction.  13 
NephcHte,  298,  432 
Nepouite,  361 
Nesquehonite,    300,    449 
Newberyite,   301,   447 
Newton's  color  scale,  55 
Niccolite,  158,  160,  421 
Nicol  prism,  15,  41 
Niter,  301.  449 
Nontronite,  15; 
Northrupite.  301,  425 
Noselite,  364.  365,  425.  482 
Noumeite,  361 


:.  82 


erfer 


Obsidian,    .    . 

Ociahedrite,  301,  443,  444 

Octahedron,  26 

Ocular,  44 

Bertrand,  50 

Okenite,   302,   450 

OliKOclase,  189,  212,  130,  450 

Olivenite.  302.  462 

Olive  oil,  index  of.  5 

Olivine  303,  305.  460,  463 

Olivine  group.  303 

Omega  <«),  14 

Omphacite,  331,  332,  335 

Opal,  310.  424.  481 

Opaque  minerals,  420,  465 

Optic  angle,  7' 

measurement  of,  74 

Optic  axial  plane,  71 
trace   of,   72 

Optic  axis.  45,  46,  70 
interference  figure,  72 

determination      of      sign 
from,  79 

Optic  normal.  70,  87 

Optic  plane,  71 
trace  of,  72 

Optical    sign,   80 

Optical  study  of  opaque  miner- 
als, 465 


r.  499 

Order  of  color,  59 

determination   of,  59 

Order  of  description  of  miner- 
als, 102 

Ordinary  ray,  13.  46 

Orpimert,  311,  446 

Orthite,  186 

Orthochlorites,  151 

Orlhoclase,    i8g,    212,    914,    448, 
451 

Orthodiagonal  axis.  34 

Orthodome,  35 

Orthopinacoid,  34 

Orlhorhombic  system,  32 
and  polarized  light,  70 
axes  of  ether  vibration  in.  70 
dispersion  in,  81 

Ottrelite,  156 

Pachnolite,   169,  447 
Paragonite,  286,  attj,  453 
Parahopeite,  258,  455 
Parallel  growth,  96 
Parallel  polarized  light.  41 
Parameters,   18 
Pargasite,  107.  iia,  455 
Pansite,  31a,  435.  43*.  440 
Partial  interference  figures,  82 
Farting,  37,  95 
Passage  of  light  through  micro' 

scope,  47 
Pectolite,  312,  456 
Penetration  twins,  96,  191 
Penninite,  151.  450 
Percivalite.  J38 
Percylite,  313.  428 
Periclase,  3'3,  426 
Pericline  twinning.  98.  193 
Perovskite,  314,  429,  462 
Ferthite,  216 
Fetalite,  314.  448 
Petrographic   microscope,  41 
Fharmacolite,  315.  452 
Pharmacosiderite,  315,  426 
Phase.  2 

Phenacite,  316,  436,  439 
Phenomena  of  light,  i 
Fhillip?itc,  397,  401,  448 
Phlogopite.    286,    391.    434,   437, 

453.  4S6 
Phosgenite,  317,  442 
Phosphosiderite,  317.  457 
Physical  characters,  37,  92 
Picotite,  367,  368 
Picromerite,  317.  447 
Piedmontite,  181.  185,  461 
Pigeonite,  33'.  459 
Pinacoids,  zi 
Finite,  167 

Firssonite,  347,  449,  453 
Fisanite,  282,  449 
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Plagioclase  subgroup, 

classification,  212,  2: 
diagnostics,  212,  22: 
extinction    angles, 


226 

Planes  of  symmetry,  20 
Plattnerite,  346,  350,  423,  444 
Pleochroie  formula,  17 
Pleonaste,  368 
Polarization,   14 
Polarization  color,  46,  55 
Polarized  light,  44 
Polarizer,    16,   41 
Polarizing  microscope,  41 
Poles  of  crystal  faces.  23 
Polianite,  346,  350,  420 
Polishing,  469 
Pollucite,    276.   426 
Polybasite,  3>8,  462 
Polyhalite,  248,  253 
Polylithionite,   290 
Polysynthetic   twinning.   98 


Positi 


1  of 


47 


Praseolite,   167 

Pregrattite,  287 

Prehnite,  318,  456 

Primary  axis.  45 

Principal  axis,  45 

Principal   optic    section,    16,  46, 

64 
Prismaline,  270 

Prochlorite,   151,  154.  450 
Projection,   spherical,   23 

stereographic,  25 
Prolectite,  259,  456 
Propagation  of  light.  2 

in  uniaxial  crystals,  53 
Prosopite,  170,  449 
Proustite,  3.20,  44S 
Pseudoboleite,  313,  443 
Pseudobrookite,  319,  463 
Pseudochalcedonite,  343 
Pseiidoleiicite,  276 
Pseudomalachitc,  319.  4^7 
Pseudomesolite.  397.  408,  4^8 
Ptilolite.  397.  398 
Pyramids,  22 
Pyrargyrite,  320,  445 
Pyrencite,  245 
Pyrite,  321,  421.  468,  473 
Pyroaurite,  264 
Pyrochlore,   322,  428 
Pyrochroite,   141,   440 
Pyrolusite,  350,  420,  474 
Pyromorphite,  i2o,   lai,  441,  462 
Pyropc.   244.  346,  428 
Pyrophanite,  265.  967,  445 
Pyrophyllite,  322.  453 


Pyrosmalite,  340,  437,  440 
Pyrostilpnite,  320,  462 
Pyroxene  group,  323 

moiioclinic,  329-338 

extinction  angles  in.  324 

ortho rhombic,  326-329 

triclinic,   338-340 
Pyrrhite,  322,  428 
Pyrrhotite,  158,  160,  421,  473 

Quarter  undulation  mica   plate, 

67,  68,  78,  79 
Quartz,  341,  432,  450 
Quartzine,  343.  450 
Quartz  sensitive  tint  plate,    50, 

S8.  6s,  69,  77,  78 
Quartz  wedge,  58,  66,  78 

action  of,  490 
Quensledtite,    165 

Ranite,  410 

Ratio,  axial,  20,  37,  30,  33,  34,  36 

Ray  of  light,  3 

extraordinary,  13,  46 

ordinary,  13,  46 
Realgar,  344,  463 
Red  and  blue   plate,  82 
Reflection  of  light,  3,  5 
Refraction  of  light,  3 

in  anisotropic  media,  13 
Refractive   index.  4 
Refractometer,   7 
Refringence,   scale    of,   415 
Relative  interference  colors,  71 
Relief,   s 

Retardation   of   light,   63 
Rhodochrosite,  142,  146,  438,441, 

445 
Rhodonite,  325,  358,  459 
.Rhombic    dispersion,   81 
Rhombic  dodecahedron.  26 
Rhombic  section,  98,  194 
Rhombohedron,  31 
Rhonite,  118 
Richterite,   107,  110,  455 
Riebeckite,  107,  115,  458 
R  in  kite,  344,  458 
Romerite,  345,  447 
Rose oe lite,  293 
Rosenbuschite,  345,  455,  460 
Rotation  of  stage,  43 
Ruby.   168 
Rutile,  346,  444 
Rutile  group,  346 

Saiienite,  342 
Salite,  330,  331 
Salmiac,  253.  426 
Sanidine,  197.  214 
Sapphire,  168 
Sapphirine.  350,  458 
SarcoHte,  33'.  437 
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Sartorite,  473 
Sarkinite.  238.  447 
Sassolite,  35',  449 
Saussurite,   183 
SausBuritization,  204,  229 
Scale  of  birefringence,  416 
Scale  of  refringence,  415 
Scalenohedron,  31 
Scapolite  group,  351 
Scheelite,  354.  442 
Schefferite.  33' 
SchoHomite,  345,  422,  428 
Scoiecite,  307,  407,  448 
Scorodite,  355,  462 
Selective  absorption,  17 
Sellaite,  355,  431 
Senarmontite,  127,  42? 
Sensitive  tint,  57 
Sensitive   tint  plate,  50,  58,  65, 


Seric     . 
Serpentine  group,  357 
Serpierite,   140,  446 
Seybertite.  162,  163,  454 
Siderite,   142,  145.  43°.  441,  445, 

481 
Sign  of  biaxial  minerals,  71,  80 
determination  of,  76-80 
in  sections  normal  to  bi- 
sectrix, 78 
'  1  sections  normal  to  op- 


tic a 


i,  79 


i  parallel  to  op- 
tic plane.  77 
Sign  of  elongation,  486 
Sign  of  extinction  angles,  196 
Sign  of  uniaxial  minerals,  69,  80 

determination  of,  64-69 

in   basal   sections,   68,   69 
in  vertical  sections.  65-67, 
69 
Sillimanite,  36a,  455,  459 
Silver,  250,  421 
Single  refraction,  3,   13,   14 
Sismondine,  156 
Smaltite,  321,  421 
Smaragdite,  331 
Smithite,  363,  464 
Smith  refractometer,  8 
Smlthsonite,   142,   146,  438,  441, 

445 
Snow.  26s 
Soapstone.  375 
Sodalite.  364.  425,  481 
Soda  lite  group,  363 
Soda  niter,  366,  432.  435 
Soda  orthoclase,  212,  216 
Solution,  Brauns',  38 

Klein's,  38 

Thoulefs,   38 
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Soretite,  112 

Spangolite,  366,  438,  440 
Specific   gravity,   38 
Spessartite,  244,  347,  429 
Sobalerite,  366,  427 
Sphene,  378 

Spherical  projection,  23 
Spinel,  367,  427,  474 
.  Spinel  group,  367 
Spodumene,  325,  338,  455,  459 
Spurrite,  412 
Stage,   rotation  of,  43 
Statistical   method,  207 
Staurolite,  371,  458 
Steatite,  375 
Stereographic      projection,      25, 

-  197,   227 
Stibiconite,   386 
Stibiotantatite,  372,  464 
Stibnite,  373,  42Z,  464,  474 
Stilbite,  397,  400,  448 
Stokesite,  373,  454 
Stolzile,  355,  445 
Strontianite.   123,    las,  453,  457, 

461 
Struvite,  373,  447 
Sulphoborite,   270 
Sulphur,  374,  464 
Sylvite,  2%.'^.  425 
Symmetry  of  crystals,  20 
Symmetry    of    interference    fig- 
ures, 92 
Symplesite.  388,  453 
Synadelphite,  238,  446 
Synchysite,  31a,  440,  444 
Syngcnite,  374,  449 
Systems,  crystallographic,  25 

hexagonal,  29 

isometric,  25 

monoclinic.  34 

orthorhombic,  32 

tetragonal,  26 

triclinic,   36 

Table  o£  birefringence,  63 
Table  of  double  refraction,  63 
Table  of  refractive  indices,  5 
Tables     for     determination     of 

minerals,  415 
Talc,  37S.  453.  482 
Tarbuttite,  376,  461 
Tellurite.  376,  462 
Tennantite,  377,  475 
Tephroite.   303,  464 
Tetragonal  system.  26 

and   polarized  light,  45 
Tetrahedrite,   377,   422,   429,   473 
Thalcnite,  37?,  459 
Thalite.  376 
Thaumasite,  377,  431 
Thenardite,  378.  448 
Thermophyllite.  360,  452 


Cu:,..J.,C0(>^^[c 


502 


OPTICAL  MINERALOGY. 


Thickness  of  section,  measure- 
ment of,  61 
Thorns  en  oil  te,  i6g,  447 
Thomsonite,  397,  409,  449 
Thorite,  346,  349,  424,  441,  442, 

443.  444 
Thoulet's  solution,  38 
Thulite,  182 
Titanaugite,  334,  335 
Titanite,  378,  464 
Titanolivitie,  303,  308,  460 
Topaz,  379.  454 
Torbcrnite,  380,  433 
Total  reflection.  S 
Tourmaline,   381,   436,  437.  439 
Trace  of  optic  plane,  72 
Trapezohe droll,  26 

trigonal,  32 
Tremolite,   107,  jo8,  4SS 
Trichroism,    17 
Triclinie   system,   36 

and  polarized  light,  92 

axes  of  ether  vibration  in,  92 

dispersion  in,  92 
Tridymite,  383.  448 
Trimerite,  316,  459 
Triphane,  336 
Triphylite,  384,  458 
Triplite,  389.  446 
Triploidite,  384 
Troilite,    161 
Trona,  385,  447 
Troostite,  316 
Turgite,  278 
Twinned   plane.   96 
Twinning,  37,  96.   ipi 

Albite,  98,   193 

Baveno,  97,   192 

Carlsbad,  915,  191 

Manebach,  gS,  192 

Pericline,  98,   193 
Twinning  axis.  37 
Twinning  plane,  96 
Twins,  contact,  96 

penetration,  96 
Tyrolite.  385.  457 
Uniaxial  crystals,  determination 

of  sign  of,  64-69 
Uniaxial  interference  figure,  50 

in  basal  sections,  50 

in  vertical  sections,  64,  84 

oartial,  83 

rotation  of,  51 


Uniaxial  minerals,  41,  45-70,  430- 

Uralite,  no,  328,  334 
Uranite,  129 
Uranocircite,  385,  454 
Uvarovite,   244,   345,   429 
Valentinite,  386,  445i  462 


ladinite,    1 


,  443 


Venasquite,  156 
Venus'  hair,  342 
Vermiculite,   293 
Vesuvianite.  386,  439 
Vibration  of  ether,  2 

axes  of,  53,  70,  88,  92 
Villarsite,  30s 
Villiaumite,  387,  425 
Viluite,  386 

Vivianite,  387    453,  457 
Volkneritc,  264 
Wagnerite,   389,   451 
Wappleritc.  315,  446 
Warwickite,  390,  463 
Water,  265 
Wave  front.  3 
Wave   length.   2 
Wavellite,  390,  449,  452 
Wave   motion.  2 
Wedge,    quartz,    58,    66,    69,    78 

combination,    59 
Wellsite,   402 
Wernerite,  352,  433 
Westphal  balance,  39 
Whewellite,  aoi,  449,  453,  457 
Wtllemite,   31^  439 
Withamite,  185 

Witherite,  123,  114,  454,  457.  461 
Wohlerite,  392,  460 
Wolframite,  258,  422 
WoUastonite,  392,  455 
Wulfenite,  355,  444 
Wurtzite,  158,  159,  442 
Xanthoconite,  320.  462 
Xanthophyllite,    162,  455 
Xenotinie,  393,  440.  444 
Xylolile,  S-!?,  360,  452 
Zeolite  group,  394 
Zeunerite,  380,  436 
Zincite,  4it,  442 
Zinnwaldite,  286,  ago.  453 
Zircon,   346,   347,    44i.    44^.  44.'- 

463 
Zoisite,  181,  i8a,  458 
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